Enteropathogenic Yersinia in pork production by Laukkanen, Riikka
 
 
 
 
Department of Food Hygiene and Environmental Health 
Faculty of Veterinary Medicine 
University of Helsinki 
Helsinki, Finland 
 
 
 
 
 
 
 
Enteropathogenic Yersinia in pork production 
 
 
 
 
Riikka Laukkanen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ACADEMIC DISSERTATION 
 
To be presented, with the permission of the Faculty of Veterinary Medicine of the 
University of Helsinki, for public examination in Auditorium Arppeanum, Snellmaninkatu 
3, Helsinki, on 17th September 2010, at 12 noon. 
 
Helsinki 2010 
 
 
 
 
 
Supervising Professor  Professor Hannu Korkeala, DVM, Ph.D., M.Soc.Sc. 
Department of Food Hygiene and Environmental Health 
Faculty of Veterinary Medicine 
University of Helsinki 
Helsinki, Finland 
 
Supervised by Professor Hannu Korkeala, DVM, Ph.D., M.Soc.Sc. 
Department of Food Hygiene and Environmental Health 
Faculty of Veterinary Medicine 
University of Helsinki 
Helsinki, Finland 
 
Professor Maria Fredriksson-Ahomaa, DVM, Ph.D. 
  Department of Food Hygiene and Environmental Health 
Faculty of Veterinary Medicine 
University of Helsinki 
Helsinki, Finland 
 
Reviewed by  Professor Karsten Fehlhaber, DVM, Dr. habil., Dr. h.c. 
  Faculty of Veterinary Medicine 
  University of Leipzig 
  Germany 
 
  Professor Stan Fenwick, BVMS, M.Sc., Ph.D. 
  Faculty of Health Sciences 
  Murdoch University 
  Australia 
 
 
Opponent  Docent Jorma Hirn, DVM, Ph.D. 
  University of Helsinki 
  Helsinki, Finland 
 
 
 
 
 
 
ISBN 978-952-92-7746-9 (paperback) 
ISBN 978-952-10-6407-4 (PDF) 
 
Helsinki University Print 
Helsinki 2010 
 
 
 
 
Abstract 
Enteropathogenic Yersinia, that is pathogenic Yersinia enterocolitica and Yersinia 
pseudotuberculosis, are zoonotic pathogens causing yersiniosis, the third most frequently 
reported zoonosis in the EU. Enteropathogenic Yersinia are frequently isolated from the 
tonsils and intestinal contents of pigs. Similar Y. enterocolitica genotypes have been 
identified both in pig and human strains and human yersiniosis has been statistically 
associated with the consumption of pork products in case-control studies, indicating pigs 
and pork products as an important source of human Y. enterocolitica infections. The link 
between pathogenic Y. pseudotuberculosis and pork is less clear; however, Y. 
pseudotuberculosis has also been isolated from carcasses and pork, indicating a possible 
route  from  pigs  to  humans.  This  work  aimed  at  clarifing  the  transmission  of  
enteropathogenic Yersinia from farm to slaughterhouse, determining factors affecting the 
prevalence of enteropathogenic Yersinia on pig farms, and test bagging as an intervention 
at the slaughterhouse. In addition, methods for the isolation of enteropathogenic Yersinia 
were evaluated. 
Isolation of enteropathogenic Yersinia from samples of animal origin is difficult and 
time-consuming. However, in many cases such as in outbreak investigations, isolates are 
needed for further typing. Of the isolation methods used, cold enrichment was efficient at 
isolating enteropathogenic Yersinia, whereas the sensitivity of other methods, such as 
direct isolation and selective irgasan-ticarcillin-potassium chlorate enrichment, for the 
isolation of enteropathogenic Yersinia was low. However, none of the isolation methods 
tested detected all the enteropathogenic Yersinia-positive samples and new isolation 
methods need to be developed. 
The transmission of enteropathogenic Yersinia from pigs to carcasses and pluck sets 
was investigated by collecting samples from individual ear-tagged pigs on the farm and at 
the slaughterhouse and by analyzing the isolated strains using pulsed-field gel 
electrophoresis  (PFGE).  Since  the  same PFGE types  can  be  isolated  from pigs  and  their  
subsequent pluck sets and carcasses, the main contamination source of pluck sets and 
carcasses at the slaughterhouse appears to be pigs that carry enteropathogenic Yersinia 
from farms to the slaughterhouse. However, since non related genotypes could also be 
isolated from carcasses and pluck sets, the slaughterhouse environment and tools can also 
contaminate carcasses and pluck sets. The high prevalence of enteropathogenic Yersinia in 
pigs results in high contamination rates of pluck sets and carcasses. Therefore, 
interventions at the farm level can decrease the transmission of Yersinia from pigs to 
pluck sets and carcasses. 
Farm factors such as production capacity and type may affect the prevalence of 
enteropathogenic Yersinia on farms. Since the prevalence of pathogenic Y. enterocolitica 
and Y. pseudotuberculosis varies among farms, within-farm factors can affect how 
enteropathogenic Yersinia spreads in pigs on farms. In statistical studies, factors affecting 
Y. pseudotuberculosis included organic production, contacts with pest animals, and the 
outside environment, whereas the high prevalence of pathogenic Y. enterocolitica was 
associated with factors such as high production capacity and conventional production. The 
epidemiology of pathogenic Y. enterocolitica and Y. pseudotuberculosis appears to be 
 
 
 
 
different on pig farms and this difference needs to be addressed if interventions on pig 
farms are considered. However, further information on the factors affecting the prevalence 
of enteropathogenic Yersinia on pig farms is needed before interventions at the farm level 
can be used. 
The effect of bagging of the rectum was studied by sampling tonsils, intestinal content, 
and carcasses with and without bagging of the rectum and constructing a Bayesian hidden 
variable model. According to the model, bagging of the rectum reduced significantly the 
contamination of carcasses at the slaughterhouse. However, since after bagging the 
prevalence of pathogenic Y. enterocolitica in different parts of the carcass was relatively 
high, 4–14%, other interventions are also needed. Most of the positive carcass samples 
were head and chest swabs, indicating that tonsils may be the contamination source. 
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1 Introduction 
Enteropathogenic Yersinia, that is pathogenic Yersinia enterocolitica and Yersinia 
pseudotuberculosis, are zoonotic pathogens that can cause yersiniosis, the third most 
frequently reported zoonosis in the EU (105). Enteropathogenic Yersinia are frequently 
isolated from the tonsils and intestinal contents of pigs throughout the world (133, 157, 
281, 291, 301, 428). Similar Y. enterocolitica genotypes were identified both in pig and 
human strains (120, 126, 134, 239) and human yersiniosis has been statistically associated 
with the consumption of pork products in case-control studies (51, 170, 211, 316, 347, 
382), indicating pigs and pork products as important sources of human Y. enterocolitica 
infections. The linkage of pathogenic Y. pseudotuberculosis with pork is less clear, 
however, although Y. pseudotuberculosis has also been isolated from carcasses and pork 
(139, 157), indicating a possible route from pigs to humans. 
Isolation of enteropathogenic Yersinia from samples of animal origin is difficult and 
time-consuming. However, in many cases, e.g. in outbreak investigations and 
epidemiological studies, it is necessary to obtain isolates for further typing. Various 
methods have been used for the isolation of enteropathogenic Yersinia, such  as  direct  
plating, various selective enrichments, and cold enrichment (130, 139, 163, 319). 
However, data on the effectiveness of different isolation methods for enteropathogenic 
Yersinia are lacking or somewhat contradictory. 
Differences in pig husbandry practices can affect the prevalence of such pathogens as 
Yersinia. Some studies (287, 304, 369) have suggested that the prevalence of Y. 
enterocolitica may be higher in specialized slaughter pig production, rather than 
conventional farrow-to-finish production and in conventional than in organic production, 
although others found no similar differences (17, 246, 435). However, the prevalence of Y. 
enterocolitica in pigs varies among farms (17, 162, 173, 249, 291), indicating that there 
are some farm factors affecting the prevalence of Y. enterocolitica. However, information 
on the factors affecting the prevalence of enteropathogenic Yersinia is limited or lacking 
and so far, cost-effective ways to prevent enteropathogenic Yersinia on farms are scarce 
(290). 
Pigs are often asymptomatic carriers of enteropathogenic Yersinia, and infected pigs 
cannot immediately be identified in the slaughter process. Therefore, it is important to 
understand the contamination routes of carcasses and pluck sets and factors affecting the 
prevalence of enteropathogenic Yersinia on farms and at the slaughterhouse to identify 
potential measures for controlling the occurrence of enteropathogenic Yersinia throughout 
the production chain. 
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2 Review of the literature 
2.1 Yersinia enterocolitica and Yersinia pseudotuberculosis 
2.1.1 Taxonomy of Yersinia spp. 
The genus Yersinia belongs to the family Enterobacteriaceae in the class 
Gammaproteobacteria of  the  phylum  Proteobacteria  (57).  It  comprises  14  species  of  
which three, Y. enterocolitica, Y. pestis and Y. pseudotuberculosis, are regarded as human-
pathogenic and one, Y. ruckeri, as a fish pathogen (57, 111). The enteropathogenic Y. 
enterocolitica and Y. pseudotuberculosis usually cause self-limited gastroenteritis, 
whereas Y. pestis is the causative agent of plague (57). Y. ruckeri causes enteric red mouth 
disease in fish (112). 
Yersinia forms a coherent cluster within the Gammaproteobacteria when 16S rRNA 
gene sequences are compared (195). However, Y. ruckeri is different from other Yersinia 
species phenotypically, in deoxyribonucleic acid (DNA) relatedness studies (57, 112), and 
in multilocus sequence studies (238). Some strains of Y. frederiksenii and Y. kristensenii 
are genetically less related to other strains within these species, compared with strains of 
all other species within the genus, suggesting discrepancies in the taxonomic standing of 
these strains and the possible existence of new Yersinia species (238). 
Y. pseudotuberculosis and Y. pestis genetically are highly similar; according to DNA 
hybridization levels (86–100%), they represent the same species (39) and their sequences 
are identical or nearly identical in multilocus sequence analyses (4, 238) and 16S 
ribosomal ribonucleic acid (rRNA) studies (238, 397). Y. pestis is a species relatively 
recently (within the last 1 500–20 000 years) evolved from Y. pseudotuberculosis, whereas 
the Y. pseudotuberculosis and Y. enterocolitica lineages separated between 0.4 and 1.9 
million years ago (4, 371). It was suggested that Y. pseudotuberculosis should be divided 
into the subspecies Y. pseudotuberculosis ssp. pestis and Y. pseudotuberculosis ssp. 
pseudotuberculosis (39). However,  due to the seriousness of plague as a disease and the 
possibility that use of the subspecies Yersinia pseudotuberculosis ssp. pseudotuberculosis 
and Yersinia pseudotuberculosis ssp. pestis may result in confusion, (437), Y. pestis 
remained as an individual species, based on practical concerns for human welfare (212, 
424). 
Y. enterocolitica is subdivided, based on 16S rRNA analysis, into two subspecies (1, 
297). Y. enterocolitica ssp. enterocolitica comprises the Y. enterocolitica type strain 
ATCC 9610T and strain from biotype 1B isolated in America and Y. enterocolitica ssp. 
palearctica with the strains from low-pathogenic biotypes 2–5 and nonpathogenic 1A 
isolated in Europe (194, 195, 297). A further division into three subgroups, pathogenic 
(biotype 1B), low-pathogenic (biotypes 2–5), and nonpathogenic (biotype 1A), has been 
suggested (191). 
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2.1.2 Virulence factors of Y. enterocolitica and Y. pseudotuberculosis 
The pathogenicity of Y. pseudotuberculosis and Y. enterocolitica is dependent on the 
Yersinia virulence plasmid pYV (64, 165, 329). The pYV encodes Yersinia adhesin A 
(YadA), which mediates the binding of the bacterium to the host cell membrane and slows 
the  rate  of  invasion  to  cells.  It  is  also  a  potent  serum  resistance  factor  and  inhibits  the  
classical pathway of complement (108). However, YadA seems to be unnecessary for the 
virulence of Y. pseudotuberculosis (108). The pYV also encodes type III secretion system 
comprising the Yersinia secretion apparatus and the secreted Yersinia outer proteins that 
inhibits phagocytosis and downregulate the inflammatory response of the host (87). 
The attachment-invasion locus (Ail) is a chromosomal virulence factor that is involved 
in the attachment and invasion of host cells by Y. enterocolitica but not by Y. 
pseudotuberculosis (273, 440). However, Ail is involved in the serum resistance of both Y. 
enterocolitica and Y. pseudotuberculosis (203, 273). Another chromosomal virulence 
factor, invasin, promotes the uptake of Y. enterocolitica and Y. pseudotuberculosis into 
host cell (203, 336). The pH6 antigen in Y. pseudotuberculosis may be responsible for 
thermoinducible binding of the bacterium to host cell (440). In Y. enterocolitica, a 
homolog of pH6, mucoid Yersinia factor, has been found, but its role in virulence has not 
been demonstrated (202). Y. enterocolitica heat-stable enterotoxins produced by Y. 
enterocolitica, but not by Y. pseudotuberculosis, cause fluid accumulation in the intestine 
and may be mediators of diarrhea observed particularly in Y. enterocolitica infections of 
small children (96, 97, 336). Lipopolysaccharides may also play a role in the colonization 
of host tissues, resistance to complement-mediated killing, and resistance to cationic 
antimicrobial peptides (370). 
Y. enterocolitica 1B and Y. pseudotuberculosis O:1 and O:3 carry the high-
pathogenicity island (HPI) in the chromosome coding for the yersiniabactin (Ybt) 
siderophore, which is responsible for iron uptake of the bacterium and therefore systemic 
dissemination of the bacteria in the host (72). In Y. pseudotuberculosis O:3, the left end of 
the HPI is truncated (R-HPI) (66, 159, 332). In a study by Fukushima et al. (2001), R-HPI 
was  detected  in  57% of  the  O:3  strains,  but  never  in  other  serotypes  (159).  R-HPI  lacks  
ybtE, psn, and IS100 (66, 159). YbtE is involved in the initialization of assembly of Ybt 
(72) and psn encodes the outer-membrane receptor for yersiniabactin (322), suggesting R-
HPI may not be functional. 
The superantigen Yersinia pseudotuberculosis-derived mitogen (YPM) has been 
detected in Y. pseudotuberculosis Far Eastern strains that have caused serious systemic 
symptoms (3, 406, 441). YPMs cause the release of large amounts of inflammatory 
cytokines,  which  can  cause  toxic  shock  and  tissue  damage.  In  Siberia,  a  large  plasmid,  
pVM82, has also been associated with Y. pseudotuberculosis strains causing Far East 
scarlet-like fever (72, 373). 
 
 
 
 
13
2.1.3 Clinical significance in humans 
Symptoms of yersiniosis 
Enteropathogenic Yersinia usually cause self-limiting gastroenteritis. Symptoms, 
including fever, abdominal pain, and diarrhea, sometimes also nausea and vomiting, are 
often indistinguishable from those of acute appendicitis (206, 321, 372, 384, 385, 446). 
Enteropathogenic Yersinia also cause extraintestinal sequelae, such as reactive arthritis, 
erythema nodosum, uveitis, and conjunctivitis (178, 206, 241, 341, 372, 384). Patients 
possessing the histocompatibility gene HLA-B27 are at particular risk of developing 
prolonged Yersinia-related reactive arthritis, urethritis, and conjunctivitis, although the 
reasons underlying this predisposition are unclear (241, 248, 341, 372). In patients with 
underlying disease or immunosuppression, yersiniosis can result in septicemia (29, 253, 
446). Septicemia cases after blood transfusion with Yersinia-contaminated blood have also 
been reported (35, 245). Y. pseudotuberculosis infection has shown more severe 
symptoms in Japan and Russia than in Europe, including erythematous skin rash, 
conjunctivitis, skin desquamation, strawberry tongue, and toxic shock syndrome and has 
been known as Far East scarlet-like fever in Russia and Izumi fever in Japan (110, 346, 
412). 
Occurrence of yersiniosis in humans 
Yersiniosis has been reported in most parts of the world. Both Y. enterocolitica and Y. 
pseudotuberculosis have been isolated from humans with clinical symptoms in Africa 
(208, 311, 331), Asia (183, 376, 417, 442), Europe (51, 134, 167, 169, 316, 357, 374), 
Oceania (69, 325), and North America (45, 272, 394, 395). In addition, yersiniosis caused 
by Y. enterocolitica has been reported in South America (115, 276, 326). 
The incidence of yersiniosis in humans is rarely recorded and usually only Yersinia 
spp. or yersiniosis is reported. The incidence of reported yersiniosis cases varies among 
countries (250, 340) (Table 1). Of the yersiniosis cases reported, the majority are caused 
by Y. enterocolitica, where information has been available (101, 255, 388). In Finland, the 
incidence of Y. enterocolitica was 8–17 cases/100 000 inhabitants in 1995–2008 (282-
284).  However,  most  of  the  clinical  isolates  of  Y. enterocolitica in cases reported in 
Finland belong to biotype 1A (368) which is mostly thought to be apathogenic due to the 
lack of many virulence factors (383). The incidence of Y. pseudotuberculosis is notably 
lower: in Finland, the incidence was 0.6–5 cases/100 000 inhabitants in 1995–2007 (283, 
284). In the EU countries, 1% (254 cases) of the 19 848 Yersinia cases reported were 
identified as Y. pseudotuberculosis in 2004–2005 and Finland reported 83% (210 cases) of 
these cases. In the USA FoodNet area, 18 Y. pseudotuberculosis infections were identified 
in 1996–2007, giving an average annual incidence of 0.04 cases/1 000 000 persons (255). 
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Table 1. Reported number and incidence of yersiniosis casesa 
 EUb New Zealand Northwest Russiac USAd 
Year Ne If N I N I N I 
2004 10381 2.4 420 11.2 489 4.6 176 0.33 
2005 9467 2.6 407 10.9 535 4.6 159 0.34 
2006 8979 2.1 487 11.6 559 4.3 158 0.36 
2007 8792 2.8 527 12.5 739 5.5 163 0.36 
2008 8346 1.8 509 11.9 629 4.7 164 0.36 
a According to reports by the European Food Safety Authority (100–103, 105), Centers for Disease Control 
and Prevention, USA (73–76, 78), EpiNorth (2009) (109), and the New Zealand Food Safety Authority (20, 
23, 24, 26, 28). 
b Reporting member states varied between years 
c In 2004, 2005, 2006, and 2007–2008 the number of reporting areas was 8, 9, 10, and 11, respectively 
d FoodNet reporting areas California, Colorado, Connecticut, Georgia, Maryland, Minnesota, New Mexico, 
New York, Oregon, and Tennessee 
e Number of cases 
f Incidence of cases per 100 000 population 
 
Most of the yersiniosis cases reported, particularly those caused by Y. enterocolitica, 
are sporadic. During 2004–2007, the EU member states and Norway reported 9–26 
yersiniosis outbreaks per year, with 22–604 people falling ill (100–103, 106). In 2004–
2008, six outbreaks with 29 people affected were reported in New Zealand (20, 23, 24, 26, 
28) and one small foodborne yersiniosis outbreak caused by chitterlings was reported in 
the USA (77). Outbreaks of Y. enterocolitica have been reported in Asia, Europe, North 
America, and Oceania, and the source of infection has been water, contaminated milk 
products or pork products, or the source has remained unidentified (Table 2). Y. 
pseudotuberculosis cases are usually associated with outbreaks that have mainly been 
reported in Japan, Russia, and Finland (Table 3) (19, 21, 22, 25, 27). The source of 
infection has been vegetables linked with school or other institutional kitchens especially 
in recent years in Finland (27) (Table 3). 
The high prevalence of enteropathogenic Yersinia in pigs can be an occupational 
hazard for people in contact with pigs. Elevated antibodies against Y. enterocolitica O:3 
and O:9 were detected in pig farmers, compared with grain or berry farmers (359) and 
against Y. enterocolitica O:3 in slaughterhouse workers, especially butchers handling pig 
throats and intestines, compared with healthy blood donors (271) in Finland. In Norway, 
elevated antibodies were more likely detected in slaughterhouse workers and veterinarians 
with regular contacts with pigs, although no significant differences were detected between 
employees of pig and poultry slaughterhouses (293). However, in a study from Denmark, 
no similar differences were found between slaughterhouse and greenhouse workers (252). 
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Table 2. Yersinia enterocolitica human outbreaks in scientific reports 
Country Year No. of 
casesa 
Bio/serotype Source Location Reference 
Australia 1987–1988 11 O:3; O:6,30 NDb ND (69) 
Belgium 1986 21 (21)c 4/O:3 ND Nursery (409) 
Canada 1981 3 (2) 1/O:21d ND Family (265) 
Canada 1984 3 (2) 4/O:3 Well water Private home (391) 
Czecho-
slovakia 
1971 15 (6) 4/O:3 ND Nurseries (312) 
Croatia–
Italy 
2002 22 (17) O:3 ND Oil tanker (34) 
Finland 1972 7 O:9 Patient Hospital (392) 
Finland 1973 117 (104) O:3; O:9 ND Garrison (251) 
Finland 1982 26 (26) O:3 Food? Canteen? (405) 
Hungary 1983 8 (3) 4/O:3 Pork cheese Private home (264) 
Israel 1976–1977 5 (5)e 4/O:3; 
3/O:1,2a,3 
ND Kibbutz (366) 
Japan 1972 733 (177)e 4/O:3 ND School, 
nursery 
(30) 
Japan 1972 198 (116) 4/O:3 ND School (443) 
Japan 1980 1051 4/O:3 Milk ND (268) 
Japan 2004 42 (16) O:8 Salads Nursery (343) 
Japan 2010 3 (3)f 2/O:9 ND Family (275) 
Norway 2006 4 O:3 Christmas 
headcheeseg 
ND (380) 
Norway 2005–2006 11 (11) 2/O:9 Ready-to-eat 
headcheese/pork 
chopsh 
ND (170, 375) 
Sweden 1988 61 (61) O:3 Milk, creamg ND (15) 
USA 1973 16 (8) O:8 Dogg Families (174) 
USA 1976 222 (38) 1/O:8 Chocolate milk Schools (46) 
USA 1981 159 (37) O:8 Powdered milk, 
turkey chow meini 
Summer camp (277, 362) 
USA 1981–1982 50 (50) O:8 Tofuj ND (378) 
USA 1982 172 (172) O:13a,13b Pasteurized milkg ND (379, 396) 
USA 1988–1989 15 (15)e O:3; O:1,2,3 Chitterlingsk Private homes (247) 
USA 1995 10 (10) O:8 Pasteurized milkg ND (5) 
USA 2001–2002 12 (12) 4/O:3 Chitterlingsg Private homes (211) 
a No. of laboratory-confirmed cases in parentheses 
b ND, No data 
c 17 of the cases very mild or asymptomatic 
d Pathogenicity tested with sereny test 
e 2 clusters or outbreaks 
f One case was asymptomatic 
g Not isolated from the vehicle 
h PCR-positive headcheese samples, strains could not be isolated 
i Cook suspected source of contamination 
j Washed with contaminated water 
k No direct contact to the vehicle 
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Table 3. Yersinia pseudotuberculosis human outbreaks in scientific reports 
Country Year No. of 
casesa 
Serotype Source Location Reference 
Canada 1998 74 (74) O:1b Homogenized milk NDb (305, 330) 
England 1961 4 (4) O:1a Dog? Homes (333) 
Finland 1981–1982 19 (19) O:3; O:2b Vegetables? ND (384) 
Finland 1987 34 (34) O:1a ND Schools (385) 
Finland 1997 35 (6) O:3 ND ND (339) 
Finland 1998 60 (11) O:3 ND ND (339) 
Finland 1998 47 (47) O:3 Iceberg lettucec ND (306) 
Finland 1999 31 (25) O:3 ND ND (339) 
Finland 2001 125 (89)d O:1; O:3 Iceberg lettuce? Cafeterias, 
school 
(207) 
Finland 2003 111 (58) O:1b Grated carrotse School, nursery (206) 
Finland 2004 58 (7) O:1b Fresh carrotse School (222, 338) 
Finland 2006 469 (136)d O:1 Grated carrotse School, nursery (339) 
Japan 1977 57 (57) O:5b ND School (404) 
Japan 1977 82 (82) O:1b Well water? Nursery (404) 
Japan 1981 189 (19) O:5a Vegetable juice? School (200) 
Japan 1982 67 (16) O:5b Lunch sandwiches? Athletic event (197) 
Japan 1982–1983 260 (35) O:4b Water? Village (197) 
Japan 1984 11 (1) O:4b Well water Village (197) 
Japan 1984 39 (19)d O:5a Barbecue? Restaurant (280) 
Japan 1984 63 (63) O:3 ND School, nursery (404) 
Japan 1985 68 (68)d O:4b ND School (404) 
Japan 1986 549 (549) O:4b School lunch? School (404) 
Spain 2001 3 (3) O:1 ND ND (357) 
a No. of laboratory-confirmed cases in parentheses 
b ND, No data 
c Not isolated from the suspected vehicle 
d multiple outbreaks 
e Isolated from carrot residue and/or environmental samples at the farm 
2.2 Isolation of Y. enterocolitica and Y. pseudotuberculosis from 
porcine samples 
2.2.1 Isolation methods used for Y. enterocolitica and Y. 
pseudotuberculosis 
The low number of enteropathogenic Yersinia and the high number of competing bacteria 
in asymptomatic carriers makes the isolation of enteropathogenic Yersinia challenging 
(130). However, in many cases, e.g. in outbreak investigations, it is crucial to obtain 
isolates for subtyping (133). Various methods have been used for the isolation of 
enteropathogenic Yersinia, including direct plating, various selective enrichments, and 
cold enrichment (130, 139, 163, 319). In addition, treatments such as potassium hydroxide 
(KOH) have been used to increase the selectivity of the isolation method (33, 130). The 
choice of the isolation method is dependent on the Y. enterocolitica bioserotype of interest 
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and the sample type, especially concerning the presence of competing organisms and how 
much time can be used for the isolation (91). 
Direct isolation 
Direct isolation is effective for samples from patients with acute gastroenteritis (130) and 
is also often used as the sole isolation or as part of an isolation method for samples from 
asymptomatic carriers, foods or environmental samples (135, 139, 142, 301, 303, 402, 
444). 
Selective agars used in the isolation of Y. enterocolitica and Y. pseudotuberculosis 
MacConkey (MAC) agar has been used to isolate Y. enterocolitica and Y. 
pseudotuberculosis from various matrices (92, 187, 198, 206, 311, 393). All Y. 
enterocolitica strains can be grown on MAC, but it is of low selectivity and has no clear 
differential reaction, making the plate difficult to use particularly with food enrichments, 
which frequently contain large numbers of organisms that will grow and resemble Y. 
enterocolitica on MAC (270, 350). MAC supplemented with sorbitol instead of lactose 
(SMAC) has been used to isolate Y. pseudotuberculosis from  the  tonsils  of  pigs  (365).  
Modified MAC supplemented with sorbitol, irgasan, and novobiocin has been suggested 
for the isolation of Y. pseudotuberculosis from surface waters and performed better than 
irgasan-novobiocin (IN) agar (142). 
Salmonella-Shigella (SS) agar has been used to isolate enteropathogenic Yersinia (113, 
393). The medium has been modified to better suit the isolation of Y. enterocolitica with 
desoxycholate in Salmonella-Shigella desoxycholate (SS-D) agar (419) and further with 
calcium chloride in Salmonella-Shigella desoxycholate calcium chloride (SSDC) agar 
(421). 
Cefsulodin-irgasan-novobiocin (CIN) agar was developed for the isolation of Yersinia 
enterocolitica (350) and it has become widely adopted for the isolation of Y. enterocolitica 
and Y. pseudotuberculosis from various sources (90, 198, 301, 302, 311), although CIN 
can inhibit the growth of some Y. pseudotuberculosis and Y. enterocolitica 3/O:3 strains 
(54, 143). CIN is fairly selective and Yersinia are somewhat easy to indentify on the agar, 
compared with SS and MAC, due to colony morphology and mannitol fermentation (350). 
However, reports have suggested that Citrobacter freundii, Serratia liquefaciens, and 
Enterobacter agglomerans on  CIN  plates  may  not  be  reliably  differentiated  from  Y. 
enterocolitica in stool samples (184, 350); likewise, Enterobacter, Aeromonas, and 
Proteus are not easily differentiated from Yersinia in tonsil or pork samples (91). CIN has 
been equally or more effective in the isolation of pathogenic Y. enterocolitica and Y. 
pseudotuberculosis than SS-D or SSDC after direct plating (407, 433). SMAC plates 
performed equally well or better than CIN in the isolation of Y. pseudotuberculosis from 
pig cecal content and tonsils (365), whereas CIN worked better than SS-D in the isolation 
of Y. pseudotuberculosis from pig tonsils (433). 
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IN agar is a modification of the CIN designed for fresh water samples, in which 
cefsulodin, the antibiotic inhibiting growth in CIN, has been omitted (142, 143). Other 
selective agars, such as BABY4 for environmental samples (36), virulent Yersinia 
enterocolitica agar (141), KV202 (209), and Y. enterocolitica chromogenic medium (425) 
have been developed for isolation of Y. enterocolitica, but are not extensively used.  
Cold enrichment 
Yersinia are psychrotrophic bacteria and can therefore multiply at low temperatures. Cold 
enrichment was first suggested for the isolation of Y. pseudotuberculosis from the feces of 
guinea pigs (319). Later it was found that cold enrichment increases the growth of Y. 
enterocolitica O:3, O:8, and O:9 and Y. pseudotuberculosis 1b over other enterobacteria in 
human fecal samples (107) and can enhance the isolation of pathogenic Y. enterocolitica 
and Y. pseudotuberculosis from routine stool cultures or asymptomatic patients (234, 307, 
318, 368). The other gram-negative bacteria may inhibit the growth of Y. enterocolitica at 
high temperatures as a result of ‘metabolic crowding’, which occurs when the faster-
growing organism attains a stationary-phase density (355). Lowering the incubation 
temperature tends to equalize growth rates and thereby allows Y. enterocolitica to achieve 
a higher population (355). However, in the raw pork stored at 6°C, microbial flora, 
especially Hafnia alvei and environmental Yersinia, may inhibit the growth of Y. 
enterocolitica O:3 (140, 144) and cold enrichment can increase the yield of nonpathogenic 
Y. enterocolitica 1A and Yersinia spp. from samples (89, 91, 92, 291, 368, 408, 421). 
Different media have been used in the cold enrichment of Yersinia. Nonselective 
broths such as phosphate-buffered saline (PBS) for different matrices (50, 197, 281, 318), 
PBS with lysed blood for water (198), and tryptic soy broth (TSB) for food samples (410) 
have been suggested. Slightly selective enrichments, including PBS supplemented with 
sorbitol and bile salts (PSB), have been suggested for foods (270), and PSB with further 
supplementation with peptone for environmental samples (427). Instead of sorbitol, 
mannitol  has  also  been  used  with  PBS  and  bile  salts  (PMB)  for  cold  enrichment  of  
environmental samples, foods, and pig tonsils (177, 206, 236, 349). Peptone-mannitol-
PBS without bile salts (PMP) was developed for the isolation of Yersinia spp. from 
surface waters (163) and has also been used for Y. enterocolitica and Y. 
pseudotuberculosis from pig tonsils, feces, lymph nodes, and carcass samples (157, 365). 
PMP is the preferred enrichment medium in the method used by the U.S Food and Drug 
Administration for the isolation of Y. pseudotuberculosis from foods (426). Selective 
media  such  as  phosphate  buffer  supplemented  with  Pastone,  sodium  chloride,  and  
cycloheximide for milk (411) have been developed, but are infrequently used. 
Cold-enrichment times in studies usually vary between 7 and 21 d and no further 
growth of Y. enterocolitica is noted after longer incubations (393). However, enrichment 
as long as 60 d has also been used (177). When cold-enrichment times were compared, 
cold  enrichment  for  7  d  in  PBS  with  plating  onto  SS-D  performed  better  than  cold  
enrichment for 14 or 21 d in the isolation of Y. enterocolitica O:3 or O:9 or Y. 
pseudotuberculosis from pig fecal samples (428, 431). Cold enrichment in PBS for 14 d 
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with plating onto CIN performed equally or almost as well as cold enrichment for 21–25 d 
(190, 304). In tonsils, cold enrichment for 14 d with KOH has performed better than 
enrichment for 7 or 21 d in the isolation of Y. enterocolitica 4/O:3 or Y. 
pseudotuberculosis (236, 301, 314). 
Selective enrichments 
Several selective enrichment media incubated at higher temperature have been developed 
for more rapid isolation of Y. enterocolitica. Modified Rappaport broth (MRB) containing 
magnesium chloride, malachite green, and carbenicillin was developed for highly 
contaminated samples to increase selectivity (419) and is often used without carbenicillin, 
because it may inhibit the growth of certain strains of Y. enterocolitica O:3 (352). MRB is 
capable of isolating Y. enterocolitica 4/O:3 and 2/O:9 from human fecal samples (419) 
and porcine samples (351) and has been used to isolate Y. pseudotuberculosis as well 
(301). However, MRB even without carbenicillin can be inhibitory for Y. enterocolitica 
strains belonging to serotypes O:8 and some O:3 strains (353). Pre-enrichment, e.g. in 
PBS, PSB or TSB is also used prior to MRB enrichment to enhance sensitivity (125, 180, 
213, 236, 301, 303, 351). 
Irgasan-ticarcillin-potassium chlorate (ITC) broth was developed from MRB for the 
isolation of Y. enterocolitica from pork (421) and has been successfully used to isolate Y. 
enterocolitica from pig tonsils and tongues (93, 292). ITC enhances the isolation rate of Y. 
enterocolitica O:3, but not that of O:9 from meat samples (95). ITC enrichment performs 
poorly in the isolation of Y. pseudotuberculosis from pig tonsils (314). The long 
incubation time of ITC lowers the isolation rate of pathogenic Y. enterocolitica; 
incubation for 2 d performed better than 10–24 d in the isolation of Y. enterocolitica 4/O:3 
from pig intestinal contents (190). In another study, ITC enrichment for 3 d performed 
better than enrichment for 5 d in tonsils, lymph nodes, and tongues (93). ITC with pre-
enrichment has also been used (125, 421) and in a comparison study pre-enriched ITC 
worked well in pig intestinal contents (190). ITC needs fairly diluted samples to perform 
optimally: results show that the best sample-to-ITC enrichment ratio is 1:100 (94, 421). 
Stepwise dilution has also been used, in which a portion from a 1:10 dilution of the sample 
in peptone water is inoculated in a 1:10 (90, 94) or 1:100 (289) dilution in ITC. ITC with 
plating onto SSDC has performed better than plating onto CIN in tonsils and pork samples 
(90, 421). 
Bile-oxalate-sorbose  (BOS)  medium  was  developed  for  the  isolation  of  Y. 
enterocolitica, particularly 1B/O:8 (352). BOS is usually used after pre-enrichment in 
yeast extract-rose bengal broth, although other pre-enrichments, such as PSB, have been 
tested as well (352). Yersinia selective enrichment broth according Ossmer (Merck, 
Darmstadt, Germany) containing peptone, L-asparaginic acid, sodium pyruvate, 
Bacitracin, Irgasan, Tween 80, and 3-(N-morpholino)-prepanesulfonic 
acid/tris(hydtoxymethyl)aminomethane has also been used for the isolation of Y. 
enterocolitica from pigs and pork (32, 192, 304). 
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Postenrichment alkali treatment 
Y. enterocolitica and Y. pseudotuberculosis are more tolerant to alkali conditions than are 
most other bacteria (33), and KOH treatment may be used to reduce the level of competing 
microorganisms (91, 98, 99). In KOH treatment, 0.5 ml of enrichment medium or diluted 
sample is added to weak (0.25–0.5%) KOH solution with 0.5% NaCl, usually for 20–30 s 
(33, 98, 139, 201). KOH treatment has been used with direct isolation (139), cold 
enrichment (365) and selective enrichment (90). KOH enrichment has increased the 
isolation rate of Y. enterocolitica 4/O:3 from tonsils and lymph nodes after enrichment in 
PSB at 25°C for 2 or 5 d with plating onto CIN (304, 407) and the isolation rate of Y. 
enterocolitica 4/O:3 and 1/O:8 from tongues after cold enrichment for 21 d with plating 
onto MAC (99). 
2.2.2 Comparison of isolation methods for porcine samples 
Performance of isolation methods for the detection of Y. enterocolitica from porcine 
sources has varied among studies. Cold enrichment in PBS or PSB for 14–21 d with CIN 
has been more effective than ITC enrichment in the detection of pathogenic Y. 
enterocolitica from pig feces (190, 304). However, Hoorfar et al. (1999) discovered that 
the reproducibility of these isolation methods was low (190). Cold enrichment with CIN 
plating has performed better than MRB with pre-enrichment (236, 285, 291), PSB or PMB 
enrichment at 25°C (236, 304) or direct isolation (285, 291) from tonsils, or MRB with 
pre-enrichment or direct isolation from tongues (285). In one study, cold enrichment 
performed better than ITC enrichment for the isolation of Y. enterocolitica from tonsils 
(314), but in two other studies, ITC outperformed cold enrichment (90, 93). In tongues 
and lymph nodes, ITC enrichment has shown better results than cold enrichment (93, 
304).  In  recent  studies,  direct  isolation  with  CIN  plating  has  performed  equally  well  or  
better than ITC enrichment with CIN plating in the isolation of Y. enterocolitica 4/O:3 
from  tonsils  (135,  407)  and  better  than  enrichment  in  PSB  at  25°C  for  2–5  d  with  CIN  
plating (407). In a study by Fukushima (1985), direct plating onto CIN after KOH 
treatment performed better than 7–14-d cold enrichment and KOH treatment or 1–2 d 
enrichment at 25°C in the isolation of Y. enterocolitica 4/O:3, 2/O:5,27; 2/O:9, 1/O:8 and 
Y. pseudotuberculosis 5a from pork (139). However, in a study by Nesbakken et al. 
(1985), the only isolation of Y. enterocolitica 4/O:3 from pork products was after MRB 
enrichment with pre-enrichment in PSB, whereas direct plating and cold enrichment for 3 
weeks in PSB did not recover Y. enterocolitica 4/O:3 from the samples (288). 
Overnight enrichment performed slightly better with Y. pseudotuberculosis O:3 than 3 
weeks of cold enrichment from cecal contents, but neither of the isolation methods 
discovered all the positive samples (393). Cold enrichment was better than direct isolation, 
overnight enrichment in TSB at 22°C, MRB enrichment at 25°C for 3 d, or ITC 
enrichment  at  25°C  for  2  d  in  the  isolation  of  Y. pseudotuberculosis from tonsils (281, 
301, 314). After MRB enrichment, cold enrichment in PSB, and TSB-BOS enrichments, 
more Y. enterocolitica O:3 and O:9 is isolated from pig tonsils on CIN plates than MAC or 
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MAC supplemented with Tween 80 (91). A single isolation step does not find all 
pathogenic Y. enterocolitica- or Y. pseudotuberculosis-positive samples, and more than 
one isolation step is needed (91, 124, 288, 291, 301, 314, 393). 
The standardized protocol of the International Organization for Standardization (ISO) 
10273:2003 (201) and the Nordic Committee on Food Analysis (NCFA) 117:1996 method 
(303) both describe a procedure for the detection of Y. enterocolitica in foods. ISO 10273 
includes enrichment in PSB for 5–6 d at 22–25°C and plating onto CIN with and without 
KOH treatment,  and ITC enrichment for 2 d at  25°C with plating onto SSDC. In NCFA 
117:1996, direct isolation, MRB enrichment with pre-enrichment in PSB, and cold 
enrichment in PSB for 21 d are used before plating onto SSDC and CIN. Later,  the ISO 
method was adopted into the NCFA 117:2003. ISO 10273 performed better than NCFA 
117:1996 in the isolation of Y. enterocolitica O:3 in pork cuts and sausage meat (292), but 
in another study, ISO 10273 recovered no positive minced meat samples, whereas direct 
plating onto CIN recovered Y. enterocolitica from 5% of the samples (389). Evaluation of 
the ISO 10273 method on spiked meat and vegetable samples showed that the method was 
suitable for only highly Y. enterocolitica 4/O:3-contaminated meat products and not 
suitable for vegetables (127). The European Food Safety Authority recommends the use of 
the standardized ISO 10273:2003 method, or direct plating onto CIN agar, for the 
detection of presumptive pathogenic Y. enterocolitica from tonsils for harmonized national 
surveys (104). 
Laboratory methods used by the U.S. Food and Drug Administration include a method 
for the isolation of Yersinia from food, water, and environmental samples (426). The 
method  includes  enrichment  in  PSB  at  10°C  for  10  d  with  plating  onto  MAC  and  CIN  
with and without KOH treatment, as well as with and without dilution into NaCl. If high 
levels of Yersinia are suspected in the product,  direct  isolation onto MAC and CIN with 
and without KOH treatment is used. For the isolation of Y. pseudotuberculosis, cold 
enrichment in PMP for 1–3 weeks with and without treatment in KOH and in NaCl is 
used. However, the sensitivities of the methods described by the U.S. Food and Drug 
Administration have not been evaluated in scientific papers. 
2.3 Characterization of enteropathogenic Yersinia 
2.3.1 Biotyping 
Biotyping is used particularily with Y. enterocolitica, for which several different schemes 
have been presented over the years (38, 233, 300). After removing other Yersinia species 
from the typing scheme, the scheme currently used by Wauters et al. (1987) was formed, 
in which Y. enterocolitica is grouped into six biotypes (1A, 1B, 2–5) (422, 423). The 
biogrouping is closely associated with the pathogenicity of Y. enterocolitica strains: 
strains belonging to biotype 1A are usually regarded as nonpathogenic, although recently 
discussion has been raised of the pathogenicity of some strains belonging to this group 
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(383). Biotypes 1B and 2–5 have been associated with serotypes that harbor pathogenic 
strains of Y. enterocolitica (56). 
A simple biotyping scheme, using raffinose, melibiose, and citrate (398) has been 
suggested for Y. pseudotuberculosis,  but  without  any  clear  clinical  relevance  it  is  
infrequently used. Y. pseudotuberculosis strains carrying virulence plasmid pYV are 
regarded as pathogenic (64, 165). However, the inability to ferment melibiose has been 
associated with lowered pathogenicity, mainly due to lack of virulence for mice or guinea 
pigs (159, 261, 278, 403), although the strains harbor chromosomal virulence genes, such 
as inv and virulence plasmid pYV (159, 278). However, melibiose-negative O:3 strains 
have been isolated from epizootics of acutely fatal enteric disease and abortions in squirrel 
monkeys (68) in the USA, from aborted ovine and bovine fetuses (261), sick and healthy 
cattle and buffaloes in Brazil (266), from humans with yersiniosis in Germany (13), and 
from a human with terminal ileitis in Japan (403), supporting the pathogenic nature of the 
strains. 
2.3.2 Serotyping 
At least 76 serotypes based on lipopolysaccharide surface O antigens and 44 flagellar H 
antigens have been described for Y. enterocolitica and Y. enterocolitica-like organisms 
(420). O serotypes can be shared by Y. enterocolitica and related species, whereas the H 
antigens are more species-specific (11, 420). Commercial antisera are available for the 
major pathogenic serotypes. Most Y. enterocolitica infections are caused by serotypes O:3, 
O:5,27, O:8, and O:9. Infections caused by other serotypes have been detected, although 
less frequently (55). Serotype-specific polymerase chain reaction (PCR) methods for the 
detection and identification of Y. enterocolitica O:3 (390, 436) and Y. enterocolitica O:9 
(205) have been developed. 
A total of 62 serotypes based on the O and H antigens of Y. pseudotuberculosis have 
been shown (14). Later it was simplified to a scheme consisting of O:1–15 with three 
subtypes (a–c) in O:1 and O:2 and two subtypes (a, b) in O:4 and O:5 (49, 398). 
Commericially, antisera are available for serotypes O:1–O:6, excluding the subtypes. In 
addition, a PCR method has been developed for the O genotypes O:1–O:15 and subtypes 
(49). 
2.3.3 Genotyping 
Various DNA-based typing methods have been used for subtyping of Y. enterocolitica and 
Y. pseudotuberculosis (Table 4) for epidemiological purposes and their usefulness in 
epidemiological studies of Y. enterocolitica has been discussed (133, 413). 
Pulsed-field gel electrophoresis (PFGE) has been widely used in the genotyping of 
enteropathogenic Yersinia (Table 4).  In comparison studies,  PFGE (NotI) has been more 
discriminatory than restriction endonuclease analysis of the plasmid (REAP) (with EcoRI) 
and ribotyping (with EcoRV) in the subtyping of Y. enterocolitica (204). In a study from 
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Brazil, PFGE (XbaI) performed better than enterobacterial repetitive intergenic consensus 
(ERIC)-PCR in Y. enterocolitica from human, animal, and food origins (115). PFGE 
(NotI) differentiates Y. enterocolitica serotypes and to some extent also strains within the 
bioserotype (67, 344) and the discriminatory power of PFGE is higher when more than 
one restriction enzyme is used (123). The discriminative power of PFGE typing, using 
NotI of 20 Y. pseudotuberculosis strains of global origin, has been better than that of 
insertion sequence typing and ribotyping (308) and SpeI has been more discriminatory 
than NotI or XbaI in the subtyping of Y. pseudotuberculosis O:3 in pigs (301). 
 
Table 4. Methods used for molecular subtyping of Yersinia enterocolitica and Yersinia 
pseudotuberculosis 
Typing methoda Y. enterocolitica Y. pseudotuberculosis References 
AFLP x  (120, 239) 
Microarray x  (191) 
MLVA and VNTR x  (166, 171, 413) 
PCR-ribotyping x  (133, 254, 438) 
PFGE x  (115, 119, 133-135, 138, 167, 390, 417) 
  x (206, 207, 229, 301, 302, 306, 339) 
RAPD x  (133) 
  x (214, 262) 
REAC x  (133) 
REAP x  (133) 
  x (148, 151, 176) 
Rep-PCR x  (2, 115, 133) 
  x (229, 232) 
Ribotyping x  (133, 172) 
  x (267, 416) 
aAFLP, amplified fragment length polymorphism; MLVA, Multiple-locus variable-number tandem-repeat 
analysis; PFGE, pulsed-field gel electrophoresis; RAPD, randomly amplified polymorphic DNA; REAC, 
restriction endonuclease analysis of the chromosome; REAP, restriction endonuclease analysis of the 
plasmid; Rep-PCR, repetitive element sequence-based PCR; VNTR, variable number of tandem-repeat 
regions 
 
REAP analyses have been used to study the global epidemiology of Y. enterocolitica 
(146, 147) and Y. pseudotuberculosis (148, 151). In Y. enterocolitica REAP analyses 
(BamHI and EcoRI), the DNA fragment profiles varied, not only between serogroups, but 
also among plasmids isolated from strains within the same serogroup (225, 294). 
However, plasmids isolated from the O:3 and O:9 strains examined were homologous, 
whereas plasmids from O:8 and O:5,27 showed substantial diversity (225, 294). Y. 
enterocolitica REAP patterns also showed geographical and chronological distribution 
(146, 147). Restriction endonuclease analysis of the chromosome (REAC) provides higher 
discrimination than REAP, and REAC can be performed even if the plasmid is missing 
(226). REAC (HaeIII) differentiates between Y. enterocolitica serotypes and also within 
serotypes, particularly within Y. enterocolitica O:8. Y. enterocolitica O:3 and O:9 are 
relatively homogenous with regard to REAC patterns (226). A major limitation of the 
REAC technique is the difficulty in interpreting complex profiles consisting of hundreds 
of bands that may be unresolved and overlapping (133) and REAP has been easier to 
perform and interpret (226). REAP typing with BamHI gave 16 distinct restriction patterns 
among 12 serotypes and subtypes of 687 Y. pseudotuberculosis strains from different 
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sources and countries (151), showing low discrimination. However, Y. pseudotuberculosis 
can be divided into Eastern Asian and European types using REAP patterns (BamHI) 
(148, 151). 
Ribotyping has been used to study the global epidemiology of Y. enterocolitica and 
close correlation between ribotypes and geographical and chronological distribution has 
been detected (146). However, ribotyping has shown limited diversity in Y. enterocolitica 
O:3 globally (48). Ribotyping (with EcoRI and EcoRV) has been more discriminatory 
than REAP (with BamHI and EcoRI), but both can be used to separate bioserotypes of Y. 
enterocolitica (146, 204). PCR ribotyping has shown equal (HindIII) or slightly higher 
(BglI) discrimination in the subtyping of Spanish Y. enterocolitica strains than ribotyping 
(254). Y. pseudotuberculosis ribotypes (EcoRI and EcoRV) were associated with specific 
subserotypes and allowed their subdivision when strains of worldwide origin were studied 
(416). Ribotyping may be a useful tool for molecular typing of global isolates of Y. 
pseudotuberculosis, but it has its limitations, due to the small number of hybridizing bands 
that generate the diversity of the profiles (416). Ribotyping has been used to study the 
local epidemiology of Y. pseudotuberculosis, in which only four distinct ribotypes were 
gained, using SmaI and PstI in 68 strains from Brazil. However, the ribotypes did not 
separate between the 1/O:1a and 2/O:3 bioserotypes tested (267). 
Randomly amplified polymorphic DNA (RAPD) is simple and quick to perform, but 
may have low reproducibility and be difficult to standardize (133). RAPD allows 
discrimination between strains belonging to different Y. enterocolitica serotypes and also, 
in some cases between strains belonging to the same serotype (244, 309, 413). However, 
the discrimination of strains has been low, particularly in Y. enterocolitica O:3 (47, 310, 
361) and some RAPD types can be found from different serotypes (309). RAPD is able to 
distinguish Y. pseudotuberculosis strains at the subserotype level and has been used in two 
outbreak studies (214, 262). 
Repetitive extragenomic palindromic (REP)-PCR was more discriminatory than ERIC-
PCR or PCR ribotyping of Y. enterocolitica when repetitive element sequence-based 
PCRs (Rep-PCRs) were compared (438). However, in another study, REP- and ERIC-
PCR both gave comparable results, but ERIC fingerprints discriminated the strains slightly 
better, when strains of Y. enterocolitica biotype 1A isolated from India, Germany, France, 
and  the  USA  were  typed  (342).  In  the  REP-  and  ERIC-PCR  genotyping,  strains  from  
different geographical origins and of different serotypes produced similar fingerprints and 
no unequivocal relationships between Rep-PCR genotypes and serotypes or sources of 
isolation could be shown (342). PFGE and Rep-PCR (ERIC-PCR) have been used 
simultaneously in a fingerprinting analysis of a Y. pseudotuberculosis outbreak in poultry 
stocks (229) and both methods gave similar results. 
Amplified fragment length polymorphism (AFLP) typing of Yersinia enterocolitica 
has been used to investigate 70 strains isolated from humans, pigs, sheep, and cattle in the 
United Kingdom (120) and 231 human and porcine strains from Switzerland (239). AFLP 
primarily distinguished Y. enterocolitica strains according to their biotype, with strains 
belonging to biotypes 2, 3, and 4 appearing to be more closely related to each other than to 
biotypes 1A and 1B (120, 239). Within the clusters, subclusters formed largely on the 
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basis of serotype. The AFLP profiles also allowed differentiation of strains within these 
serotype-related subclusters (120). 
Preliminary results with eight strains suggest that the variable number of tandem-
repeat regions (VNTR) scheme may be more discriminative than PFGE (NotI) with Y. 
enterocolitica 4/O:3 (88). Multiple-locus variable-number tandem-repeat analysis 
(MLVA) based on six loci was able to distinguish 76 genotypes among 91 Y. 
enterocolitica isolates of worldwide origin and 41 genotypes among 51 
nonepidemiologically linked Y. enterocolitica 4/O:3 isolates, showing high resolution 
power. However, only a slight correlation of the MLVA genotypes and the geographic 
distribution of the isolates or genotypes and serogroups was observed (166). 
In a microarray study, Y. enterocolitica was divided into three subgroups: 
nonpathogenic biotype 1A, low-pathogenic biotypes 2, 3, and 4 and high-pathogenic 
biotype 1B clades (191). As in the AFLP studies, the strains belonging to biotypes 2, 3, 
and 4 appeared to be more closely related to each other than to strains belonging to 
biotypes 1A and 1B (191). 
2.4 Reservoirs of enteropathogenic Yersinia 
2.4.1 Enteropathogenic Yersinia in animals 
Animals have been suspected as reservoirs for enteropathogenic Yersinia and numerous 
studies have been carried out to isolate pathogenic Y. enterocolitica and Y. 
pseudotuberculosis from wild, domestic, and pet animals. Pigs are considered as a major 
reservoir of pathogenic Y. enterocolitica and the pathogen can be frequently isolated from 
the feces and tonsils of asymptomatic pigs throughout the world (Table 5). Pathogenic Y. 
enterocolitica can also occasionally be isolated in apparently healthy wild animals such as 
birds, rodents, and hares as well as pets such as cats and dogs (Table 6). However, most of 
the Y. enterocolitica strains isolated from wild and domestic animals other than pigs are 
apathogenic (8, 37, 86, 150, 161, 168, 183, 196, 218, 220, 221, 223, 224, 227, 230, 258, 
274, 302, 327, 358, 363, 377, 399, 444). 
The animal reservoirs of Y. pseudotuberculosis are less evident. Y. pseudotuberculosis 
has been isolated from many apparently healthy wild species such as birds, rodents and 
other small mammals, hares and rabbits, raccoon dogs, martens, deer, and wild boars. In 
addition, it has been isolated from domestic animals, such as farmed cattle, deer, and pigs, 
as well as dogs and cats (Tables 7 and 8). 
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Table 5. Isolation of pathogenic Yersinia enterocolitica from pigs 
Sample type / 
country Sample
a No. of samples  
No. of samples positive for 
bioserotypes Virulence testb Year Reference 
Tested Positive (%)  4/O:3 2/O:9 2/O:5,27 1B/O:8 
Feces            
 Canadac Ce 544 16 (3)  10  5d 1 ST 1974–1975 (393) 
 Canadac Ce 200 27 (14)  25  2d,e  BT/ST 1985–1986 (260) 
 Canadac Ce 239 5 (2)    5  BT/ST 1988–1989 (240) 
 Canadac Ce 1420 275 (15)  235d 9d 25d,e 1d ST, 76.7% CRMOX+ 1995–1996 (249) 
 Canadaf F 1010 136 (13)      ST 1997 (324) 
 Canadaf F 110 15 (14)  15    BT/ST 2005–2007 (118) 
 Chinac,f F 2252 81 (4)  3g 78   BT/ST 1997–1999 (154) 
 China F 528 5 (0.9)      ail+, ystA+ 2004–2008 (418) 
 Czechoslovakiac Co 318 3 (0.9)  3    ST ND (9) 
 Denmarkc Co 599 27 (5)  27d    ST 1976 (320) 
 Denmarkc F 38 15 (39)  15    ST ND (335) 
 Finlandf F 147 26 (18)  26    ST 1987–1988 (31) 
 Germanyc Co 631 24 (4)  23 1   ST 1979–1980 (431) 
 Germanyc Re 1206 33 (3)  32 1   ST 1979–1980 (428) 
 Germanyc F 50 5 (10)  5    CRMOX+ 2000 (125) 
 Germany F 164 17 (10)  17    CRMOX+ 2000–2004 (65) 
 Germanyf Re 716 84 (12)  40 1   ST 2004–2005 (434) 
 Germanyc Re 122 7 (6)  7    ST 2004–2005 (434) 
 Germanyc Re 50 8 (16)  8    CRMOX+ 2004 (137) 
 Germanyf F 900 76 (8)  76    ST 2004 (415) 
 Germanyc F 379 2 (0.5)  2    ail+ 2002–2004 (173) 
 Germanyf F 491 96 (20)  96    ail+, 99% yopT+ 2002–2004 (173) 
 Italyc I 150 5 (3)  4 1   ST 1990–2000 (50) 
 Japanc Ce 299 5 (2)  4  1  BT/ST 1972 (402) 
 Japanc Ce 1796 155 (9)  133  22h  BT/ST 1972 (444) 
 Japanc Ce 2041 33 (2)  16  13c 4 BT/ST 1973–1974 (400) 
 Japanc Ce 9423 1114 (12)  1077 5 36  ST 1983–1984 (268) 
 Japanc Ce 1200 89 (7)  45+43g  1  BT/ST, aag+ 1986–1987 (157) 
 Japanc Ce 140 34 (24)  34d    ST ND (365) 
 Netherlandsc Ce 163 3 (2)  1d 1d 1d  ST ND (281) 
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Table 5. Continued 
Sample type / 
country Sample
a No. of samples  
No. of samples positive for 
bioserotypes Virulence testb Year Reference 
Tested Positive (%)  4/O:3 2/O:9 2/O:5,27 1B/O:8 
 Netherlandsc Re 100 17 (17)  16d 1d   ST 1989–1990 (90) 
 Nigeria F 200 7 (0.4)  1 6   ail+ 2002–2004 (311) 
 UKc Ce 1300 2 (0.2)  2    BT/ST ND (193) 
 UKc Ce 2509 33 (1)  33    BT/ST 1999–2000 (269) 
 UKc Ce 2107 72 (3)  19 1 52g  BT/ST 2003 (274) 
 USAf F 2793 106 (4)  79d  27d,e  ail+, 98% virF+ 2000–2001 (43) 
Throat            
 Belgiumc T 54 33 (61)  33    BT/ST ND (421) 
 Belgiumc T 201 89 (44  81 8g   ail+ 2005–2007 (313) 
 Belgiumc T 139 52 (37)  52    BT/ST 2007–2008 (407) 
 Canadac O 1310 22 (2)  14  7 1 BT/ST 1988–1989 (240) 
 Canadac O 218 33 (15)  10  23  Majority aag+ ND (354) 
 Canadac T 202 56 (28)  57  15  P+ 1992 (179) 
 Denmarkc T 722 81 (11)  81    BT/ST ND (83) 
 Denmark T 400 149 (37)  149    ST ND (84) 
 Denmarkc T 195 164 (84)  164    ST ND (335) 
 Estoniac T 151 135 (89)  135    ail+ 2004–2007 (314) 
 Finlandc T 481 175 (36)  175    ST 1987–1988 (31) 
 Finlandc T 185 48 (26)  48    yadA+ 1995 (124) 
 Finlandc T 210 109 (52)  109    BT/ST, 84% yadA+ 1999–2000 (236) 
 Finlandc T 120 32 (27)  31 1   ST ND (271) 
 Germanyc T 480 45 (9)  36 9   ST 1980 (429) 
 Germanyc T 115 33 (29)  24 9   ST 1980 (430) 
 Germanyc T 50 30 (60)  30    CRMOX+ 1999–2000 (125) 
 Germanyc T 50 31 (62)  31    CRMOX+ 2004 (137) 
 Germanyc T 232 41 (18)  33 8   ST 1982–1983 (433) 
 Germanyc T 372 143 (38)  142 1   ail+, 77% yopT+ 2002–2004 (173) 
 Germany T 164 101 (62)  101    CRMOX+ 2000–2004 (65) 
 Greecec T 455 58 (13)  58    virF+, yadA+ 1999–2002 (231) 
 Italyc T 150 19 (13)  19    ST 1990–2000 (50) 
 Italyc T 106 45 (42)  43 2   BT/ST ND (93) 
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Table 5. Continued 
Sample type / 
country Sample
a No. of samples  
No. of samples positive for 
bioserotypes Virulence testb Year Reference 
Tested Positive (%)  4/O:3 2/O:9 2/O:5,27 1B/O:8 
 Italyc T 428 137 (32)  136  1e  ail+ 2005–2007 (313) 
 Japanc O 1200 86 (7)  43+43g  1  BT/ST, aag+ 1986–1987 (157) 
 Japanf O 40 34 (85)  34d    ST ND (365) 
 Japanc T 140 34 (24)  34d    P+ ND (365) 
 Latviac T 109 70 (64)  70    ail+ 2004–2007 (314) 
 Netherlandsc T 163 15 (9)  11d 3d 1d  ST ND (281) 
 Netherlandsc T 40 7 (18)  4 3   aag+, CD+ ND (92) 
 Netherlandsc T 86 36 (42)  33d  3d  ST 1989–1990 (90) 
 Nigeria T 50 3 (2)   3   ail+ 2002–2004 (311) 
 Norwayc T 461 67 (15)  67    BT/ST, aag+ 1983 (291) 
 Norwayc T 47 11 (23)  11    BT/ST, aag+ 1984 (285) 
 Norwayc O+T 30 25 (83)  25    BT/ST 1985 (286) 
 Norwayc T 24 15 (63)  15    ST 2000–2001 (287) 
 Polandc T 80 3 (4)      ail+ or ystB+ 33% yadA+ 2005–2006 (237) 
 Russiac T 197 66 (34)  66    ail+ 2004–2007 (314) 
 Slovakiac T 920 18 (2)  18    BT/ST ND (213) 
 Spainc T 200 185 (93)  185    ail+ 2005–2007 (313) 
 Switzerlandc T 212 72 (34)  69 1 6  ail+ 2006 (135) 
 USAc O 3375 107 (3)  4d  96d,e  ail+ ND (164) 
 USAf O 1218 68 (6)      ail+ 2000–2001 (435) 
Feces and throat           
 Canadac T+F 291 79 (27)  76d 2d 1d,e  ST 1997–1998 (387) 
 Chilec T+F 100 48 (48)      66% pYV+ ND (53) 
 USAf F+O 718 37 (5)      ail+ 2003 (62) 
 Switzerland T+Fei 153 14 (9)  5 4 3  ail+ 2007–2008 (136) 
Lymph nodes            
 Italyc MLN 108 17 (16)  17    BT/ST ND (93) 
 Germanyc ILN 346 13 (4)  13    ail+, 77% yopT+ 2002–2004 (173) 
 Norwayc SLN 97 5 (5)  5    ST 1999 (287) 
 Japanc MLN 917 5 (0.5)  4  1h  BT/ST 1972–1973 (444) 
 Japanc CLN 150 1 (0.7)  1d    BT/ST, aag+ 1986–1987 (157) 
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a F, feces; I, intestinal content; ILN, ileocecal lymph nodes; MLN, mesenteric lymph nodes; O, oropharynx; 
Re, rectal content; SLN, submaxillary lymph nodes; T, tonsils 
b Aag, autoagglutination; BT, biotype; CD, calcium dependency; Ce, cecal content; CLN, cervical lymph 
nodes; Co, colon; CRMOX Congo red-magnesium oxalate; ST, serotype 
c Sampled at the slaughterhouse 
d Serotyped only 
e Serotype O:5 
f Sampled on farm 
g Biotype 3 
h Serotype O:5b 
i Wild boar 
 
Table 6. Isolation of pathogenic Yersinia enterocolitica from animals other than pigs 
Species Country 
Samples 
Bioserotype Virulence testa Reference No. 
tested 
No. positive 
(%) 
Bird, migratoryb Sweden 468 2 (0.4) 3/O:3 virF+ (302) 
Bird, migratoryb Japan 528 1 (0.02) O:5 ST (175) 
Cat Finland 97 2 (2) 4/O:3 ail+, virF+ yadA+ (132) 
Cat Germany 252 2 (0.8) O:3 BT/ST (432) 
Dog China 438 6 (1) O:3 ail+, ystA+ (418) 
Dog Finland 95 1 (1) 4/O:3 ail+, virF+ yadA+ (132) 
Dog Denmark 115 2 (2) O:3 ST (320) 
Dogc Italy 63 15 (24) 4/O:3 BT/ST (116) 
Dog Japan 115 1 (0.9) O:3 BT/ST (399) 
Dog Japan 451 22 (5) 4/O:3; 2/O:9; 
2/O:5b 
BT/ST (215) 
Dog Japan 252 15 (6) 2/O:5,27; 3/O:3; 
4/O:3 
Aag+, CD+ (161) 
Flyd Japan 738 2 (0.3) 4/O:3 BT/ST (156) 
Frog USA ND 1 O:8 Mice lethality+ (59) 
Goat China 546 1 (0.2) O:3 ail+, ystA+ (418) 
Goat New 
Zealand 
317 1 (0.3) 3/O:5,27 BT/ST (242) 
Hare China 12 1 (13) 2/O:9 ail+, virF+ (154) 
Hareb Germany 180 4 (2) O:5,27 Aag+, pyz– (439) 
Mouse, voleb Japan 484 1 (0.2) O:9 ST (216) 
Mouse, voleb Japan 152 9 (6) O:8 Aag+, CD+, mice 
lethality+ 
(196) 
Mouse, voleb Japan 193 10 (5) O:8 Aag+, CD+, pYV+ (183) 
Ratd China 118 3 (3) 3/O:3 Aag+, CD+,CR+, 
PYZ– 
(448) 
Ratd Czecho-slovakia 159 16 (10) O:3 ND (7) 
Rate France 91 1 (1) 4/O:3 BT/ST (356) 
Small rodents China 1418 64 (5) 2/O:9; 3/O:3 ail+, virF+ (154) 
Sheep UK 715 15 (2) 3/O:5,27 BT/ST (274) 
a Aag, autoagglutination; BT, biotype; CD, Calcium dependency; CR, Congo red binding; CV, crystal violet; 
ND, no data; P, plasmid; pYV Yersinia virulence plasmid; PYZ, pyrazinamidase; ST, serotype 
b Animals captured from natural environment 
c Asymptomatic dogs in a kennel with outbreak of enteritis 
d Animals captured at farm 
e Animals captured in urban environment 
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Table 7. Isolation of Yersinia pseudotuberculosis from pigs 
Sample type/ 
Country Sample
a Samples  Serotype Virulence testb Year Reference 
No. tested No. positive (%)  O:1 O:2 O:3 O:4b O:5a 
Belgiumc T 201 5 (2)  1 1 3   inv+, virF+ 2005–2007 (313) 
Canadac Ce 544 14 (3)    14   ND 1974–1975 (393) 
China F 2252 3 (0.1)       ND ND (154) 
Czechoslovakiac Co 318 4 (1)  3  1   ND ND (9) 
Estoniac T 151 2 (1)    2   inv+, virF+ 2004–2007 (314) 
Finlandc T 120 11 (9)    11   ND ND (271) 
Finlandc T 210 8 (4)    8   virF+, CRMOX+ 1999–2000 (301) 
Germanyc R 1206 7 (0.6)  1 4 2   ND 1979–1980 (428) 
Germanyc Co 631 5 (1)   3 2   ND 1979–1980 (431) 
Germanyc T 480 28 (6)  15 13    ND 1980 (429) 
Germanyc T 232 3 (1)       ND 1982–1983 (433) 
Germanyd R 354 4 (1)       ND 2004–2005 (434) 
Greecec T 455 3 (0.7)       virF+, yadA+ 1999–2002 (231) 
Italy Ce, F, T, O 1361 8 (1)   1e 7   ND 1981–1991 (81) 
Italyc T 428 5f (1)  3  1   inv+, virF+ 2005–2007 (313) 
Japanc Ce 1796 41f (2)  2  38   ND 1972 (444) 
Japanc Ce 2041 28 (1)  5g  19 4  ND 1973–1974 (401) 
Japanc Ce 1200 33 (3)  8g 1+2h 16 6  Aag+ 1986–1987 (157) 
Japanc O 1200 52 (4)  8g 4+7h 11 22  Aag+ 1986–1987 (157) 
Japanc Ce 140 7 (1)    7   P+ ND (365) 
Japanc T 140 2 (5)     1i 1 P+ ND (365) 
Japan I 585 12 (2)       ND ND (199) 
Japan Rj 131 5 (4)     5  P+ 1994–1995 (182) 
Latviac T 109 5 (5)    5   inv+, virF+ 2004–2007 (314) 
Netherlandsc Ce 163 3 (2)    3   ND ND (281) 
Netherlandsc T 163 7 (4)  3  3 1  ND ND (281) 
Nigeria F 200 4 (2)  4     inv+ 2002–2004 (311) 
Russiac T 197 13 (7)    13   inv+, virF+ 2004–2007 (314) 
Switzerland T+Fj 153 4 (3)  3 1    ND 2007–2008 (136) 
UKc T 630 114 (18)k       ND 2003–2005 (315) 
a Aag, autoagglutination; CD, calcium dependency; CRMOX Congo red-magnesium oxalate; ND, no data; O, oropharynx; P, plasmid 
b Ce, cecal content; Co, colon; F, feces; I, intestinal content; R, rectal content; T, tonsils 
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c Samples collected at the slaughterhouse 
d Samples collected on farm 
e Serotype O:2b 
f One isolate could not be serotyped 
g Subtype O:1b 
h Subtypes O:2b and O:2c 
i Typed O:4 
j Wild boar 
k Serotypes O:1–O:5 were isolated 
 
Table 8. Isolation of Yersinia pseudotuberculosis from animals other than pigs 
Species Country 
Samples 
Serotype Virulence testa Reference No. 
tested 
No. positive 
(%) 
Bird, wild Italy 900 1 (0.1) O:5 ND (81) 
Bird, 
migratoryb 
Japan 528 3 (0.6) O:3; O:4b ND (175) 
Bird, wildb,c Japan 822 3 (0.4) O:1b Aag+, CD+, P+ (220) 
Bird, wildb Japan 259 2 (0.8) O:1b; O:4b pYV+ (145) 
Bird, wildc 
(zoo) 
Japan 145 7 (5) O:4b Aag+, P+ (317) 
Birds New Zealand 302 8 (3) O:1; O:2; O:3; UT ND (259) 
Bird, 
migratoryb 
Sweden 468 3 (0.6) O:2 virF+ (302) 
Cat Finland 97 3 (3)  virF+ (132) 
Cat Japan 318 4 (1) O:1b; O:2b; O:2c; 
O:4b 
ND (160) 
Cat Japan 593 1 (0.2)  Aag–, CD– (221) 
Cattled New Zealand 509 134 (26) O:1–O:3 ND (188) 
Deerb Japan 215 7 (3) O:3; O:4b pYV+ (145) 
Deerd New Zealand 3810 5 (0.1) O:1; O:2; O:3 ND (186) 
Deerd New Zealand 845 7 (0.8) O:1; O:2; O:3 ND (185) 
Deerd New Zealand 439 47 (11) O:1; O:3 ND (189) 
Dog Japan 252 16 (6) O:1b; O:2b; O:2c; 
O:4a; O:4b; O:5a; 
O:7 
Aag+, CD+ (160, 161) 
Dog Japan 176 5 (3) O:1b; O:5a; O:5b ND (199) 
Fox Japan 39 3 (11) O:1b; O:4b; O:5a ND (199) 
Hared New Zealand 52 2 (4) O:1; O:2 ND (259) 
Hareb Japan 139 2 (1) O:1b; O:2b pYV+ (145) 
Hare Japan 474 6 (1) O:1b; O:2b; O:2c; 
O:4b; UT 
ND (199) 
Martenb Japan 34 1 (39 O:4b pYV+ (145) 
Marten Japan 19 5 (26) O:2b; O:2c; O:3; 
O:4a; UT 
ND (199) 
Monkey Japan 23 2 (9) O:5a ND (199) 
Mouse, 
voleb 
Japan 484 1 (0.2) O:4b ND (216) 
Mouseb Japan 1530 10 (0.7) O:1b, O:4b,UT P+ (150) 
Mouse, 
wildb 
Japan 669 25 (4) O:1b; O:2a;O:3; 
O:4a; O:4b; 
O:5a;O:5b 
ND (199) 
Moused New Zealand 55 3 (6) O:1 ND (259) 
Moused UK 297 1 (0.3) O:1a ND (327) 
Rat, wild China 107 1 (1)  P+ (447) 
Ratd Czecho-
slovakia 
159 4 (3) O:3 ND (7) 
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Table 8. Continued 
Species Country 
Samples 
Serotype Virulence testa Reference No. 
tested 
No. positive 
(%) 
Rat d Japan 166 8 (5) O:1b, O:4a ND (217) 
Ratb Japan 56 1 (2) O:4b ND (196) 
Ratd,e New Zealand 35 3 (9)  ND (259) 
Rabbit Italy 70 1 (1) O:2b ND (81) 
Rabbitd New Zealand 213 4 (2) O:1; O:2 ND (259) 
Raccoon 
dogb 
Japan 164 22 (13) O:1b; O:2b; O:4b; 
O:6 
pYV+ (145) 
Raccoon 
dog 
Japan 390 165 (42) O:b; O:2a; O:2b; 
O:2c; O:3; O:4a; 
O:4b; O:5a; O:5b 
11% tested, all 
CD+, CV+, 
CR+, aag+, 
PYZ– or 
sereny+ 
(199) 
Raccoon 
dog 
Japan 284 14 (5) O:1a; O:1b; O:2b; 
O:3; O:4a; O:4b 
93% CD+, 
aag+ 
(377) 
Voleb Denmark 49 3 (6) O:2b ND (224) 
a Aag, autoagglutination; CD, calcium dependency; CR, congo red; CV, crystal violet binding; ND, no data; 
P, plasmid; pYV, Yersinia virulence plasmid; PYZ, pyrazinamidase 
b Animals captured from natural environment 
c Animals captured in urban environment 
d Animals captured at farm or farmed animals 
e Animals captured at a rubbish dump 
2.4.2 Enteropathogenic Yersinia in the environment 
Y. enterocolitica has been isolated several times from soil and water (Table 9). However, 
the strains isolated have mainly been apathogenic (12) (Table 9). Y. pseudotuberculosis 
has  also  been  isolated  from  water,  especially  from  Japan  and  occasionally  from  soil  
samples (Table 10). The prevalent serotypes isolated from wild animals and environmental 
samples from the same areas have been the same (142, 145, 150) and Fukushima (1992) 
suggested that in Japan there is a link between wild animals carrying Y. 
pseudotuberculosis and environmental contamination by the organism (142). Outside 
Japan, Y. pseudotuberculosis has been less frequently isolated from the environment 
(Table 10) and Fukushima et al. (1995) suggested that the higher environmental 
occurrence of Y. pseudotuberculosis in  Far  East  may  influence  the  prevalence  of  Y. 
pseudotuberculosis in wild animals, unlike the situation in Europe (153). Later Fukushima 
et al. (1998, 2001) showed differences in the prevalence of genotypes and virulence 
factors in the Far East and Europe (148, 159). The epidemiology of Y. pseudotuberculosis 
may be different in the Far East and Europe which could also have led to differences in the 
reservoirs of Y. pseudotuberculosis in different parts of the world. In Finland, Y. 
pseudotuberculosis has been isolated in outbreak investigations from carrot residue, 
iceberg lettuce on farms, and also from a pooled sample of common shrew intestines on 
one farm (206, 222, 306). Wild animals are suspected sources of contamination for the 
vegetables, but the route of contamination is still unknown (206, 222, 306). 
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Table 9. Isolation of Yersinia enterocolitica from water and soil 
Sample type Country No. of samples 
No. of 
positive 
samples (%) 
Bioserotype Virulence testa Reference 
Piped waters, 
reservoirs, 
creeks 
Australia 251 1 (0.4) NT ail+ (345) 
Ocean, 
waterfall, 
polluted river, 
sewage, fresh 
water 
Brazil ND 67 2/O:5,27; 3/O:5,27; 
1A/O:5; 1A/O:10; 
1A/O:16; 1A/O:27 
3/O:5,27 inv+, 
ail+, virF+, 
2/O:5,27 inv+, 
ail+ 
(114) 
River water Canada 200 11b 1A/O:5, 1/O:5,27; 
1A/O:7,8; 
1A/O:7,13; 
1A/O41,43;1A/UT 
ND (80) 
Well water Finland 120 10 (8) O:5; O:6; UT Aag– (235) 
River and 
pond water 
France 23 3 (13) NT ND (358) 
Surface water Italy 40 10 (25) 1/O:7,8; 
1/O:10,K1,34; 
3/O:4,33 
ND (263) 
Waste water Italy 96 5 (5) O:7, 8; O:10,K1,34 ND (323) 
River water Japan 48 32 (90) O:3–O:6; O:7,8; 
O:8,19; O:9; O:10; 
O:12; O:13,7; O:14, 
O:17; O:21, O:34; 
UT 
O:3 CD+ (163) 
Water New 
Zealand 
24 1 (4) 1A, UT ND (86) 
Drinking 
water 
Norway 50 10 (20) O:1,2a, O:4,33; 
O:6,31; O:7,8; 
O:13,7; O:16; O:17, 
O:28 
ND (243) 
Brook and 
pond water 
Norway, 
Denmark 
29 3 (10) O:4; O:17; UT ND (224) 
Surface water Norway 96 3 (3) 1A/O:57; 1A/O:6  (63) 
Mountain 
water 
Switzer-
land 
104 4 (4) NT ND (348) 
Pond water USA ND 1 O:9 Mice lethality– (60) 
Stream and 
lake water 
USA 36 10 (28) O:16, UT ND (181) 
Surface water USA 622 23 (4) 1/O:3; O:4,33; O:5; 
O:6,31; O:8; NT 
ND (360) 
Foliage New 
Zealand 
200 2 (1) 1a, UT ND (86) 
Soil France 117 75b O:4; O:6; O:7,8; 
O:8; O:10,16; 
O:10,K1; O:11; 
O:16; O:18; O:34; 
UT 
ND (37) 
Soil Germany 65 1 (2) O:6,30 ND (58) 
Soil New 
Zealand 
1032 27 (3) 1a, UT ND (86) 
Soil USA 121 10 (8) O:4,32; O:5; O:17, 
O:20, UT 
ND (61) 
a Aag, autoagglutination; CD, calcium dependency; ND, data not given; NT, not tested; UT, untypeable 
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b N of isolated strains, n of positive samples not given 
 
Table 10. Isolation of Yersinia pseudotuberculosis from water and soil 
Sample type Country No of samples 
No. of positive 
samples (%) Serotype 
Virulence 
testa Reference 
Well water Czecho- 
slovakia 
ND 1 O:2 ND (6) 
Stream water Japan 40 1b (3) O:4b Aag+, 42 
MDa P+ 
(152) 
Surface water Japan 8280 29 (0.4) O:2a; O:2c; O:4a; 
O:4b; O:5a; O:5b; 
O:6 
ND (198) 
Well, pond, 
river water 
Japan 3165 24 (0.8) O:1b; O:2a; O:2b; 
O:2c; O:4a; O:4b; 
O:5a; O:5b; O:6 
ND (199) 
Fresh water Japan 500 103 (21) O:1b; O:2b; O:2c; 3; 
O:4a; O:4b; O:5a; 
O:5b; O:6; O:7; UT 
ND (142) 
River water Japan 680 175 (26) O:1–7,O: 9–11 25% 40–50 
MDa P+ 
(153) 
Spring water Korea ND 1c 4b inv+, virF+ (176) 
Mountainous 
water 
Switzer-
land 
104 1 (1) ND ND (348) 
Soil France 117 17c (15) O:1; O:2; O:3; O:4 ND (37) 
Soil Romania 250 1 (0.4) O:1 ND (85) 
a Aag, autoagglutination; ND, no data; P, plasmid 
b Human yersiniosis case related to, although not same REAP type as, in patient 
c N of isolated strains, n of positive samples not given 
 
Y. enterocolitica can survive for long periods of time in sterile distilled water (228), 
sterile river water (187), and physiological saline (79). Chao et al. (1988) showed that the 
introduced Y. enterocolitica disappeared rapidly in natural river water incubated at 30°C, 
but after filtration or use of cycloheximide the rapid decline was not detected, suggesting 
there are factors in natural waters that inhibit the survival of Y. enterocolitica (79). Y. 
enterocolitica can survive in cold soil and clean surface waters better than in warm water 
or soil. Tashiro et al. (1991) showed that the pathogenic serotypes survive for weeks in 
water and soil and longer at 4°C than at 20°C (381). However, the number of viable 
bacteria decreases over time. The 99.9% inactivation time for Y. enterocolitica in lake 
water was 17–18 d at 4°C and 14–15 d at 10°C (256). In a study by Terzieva and McFeters 
(1991), Y. enterocolitica O:3 isolates persisted in surface water at 6°C and 16°C for 
several weeks (386). In a study by Chao et al. (1988), Y. enterocolitica survived in 
groundwater through the 7-day test period at 22°C (79). At 30°C, Y. enterocolitica 
survived for 7 d in natural soil and the survival time was prolonged to 10 d in pH-adjusted 
soil (final pH 6.5) (79). The pathogenic serotype O:9 survives better than O:3 or O:5B in 
well water and soil (381). However, apathogenic Y. enterocolitica serotypes survive longer 
in both water and soil than the pathogenic serotypes tested (381), suggesting together with 
rare isolations of pathogenic Y. enterocolitica from the environment (Table 9) that the 
environment is not a significant reservoir for pathogenic Y. enterocolitica. Contaminated 
water can nevertheless serve as a vehicle for pathogenic Y. enterocolitica infecting people 
(Table 2). 
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Y. pseudotuberculosis survives better at low (6°C) than high (20–25°C) temperature in 
sea and river water (70, 71). In addition, previously cold-adapted strains survived better 
than nonadapted strains (70, 71). During long-term persistence in soil, Y. 
pseudotuberculosis can lose its virulence characteristics and pYV (70). Water has been a 
suspected cause of Y. pseudotuberculosis infections particularly in Japan and 
environmental substances contaminated with the feces of a cat have been indicated as a 
source of Y. pseudotuberculosis human infection in Japan (149, 152). The feces of wild 
rodents have also been suggested to contaminate water leading to human infection (152). 
2.5 Enteropathogenic Yersinia in pork production 
Pathogenic Y. enterocolitica in pork production is widespread (Table 5) and the number of 
Y. enterocolitica-positive farms is high in most countries where data can be found (Table 
11). The observed prevalence of Y. enterocolitica in pigs in different countries varies. 
There also appear to be regional differences in the prevalence of Y. enterocolitica and 
different serotypes. In a study in Finland, significant differences in the prevalence of Y. 
enterocolitica 4/O:3 were found between slaughterhouses (124, 236). In the USA, the 
prevalence of pathogenic Y. enterocolitica varies among the states and O:5 and O:3 were 
the prevalent serotypes in different states (43). In addition, Y. enterocolitica positive farms 
have statistically been associated in a regression model with location in a noncentral state 
in the USA (435). In Canada, O:3 has been a prevalent serotype, particularly in the eastern 
provinces, whereas O:8 and O:5,27 were more prevalent in the western provinces (354). 
However, herds infected with Y. enterocolitica 2/O:5,27 or 4/O:3 did not cluster spatially 
within the province investigated in another study in Canada (328). In general, 4/O:3 is the 
most prevalent bioserotype in pigs (Table 5). In the UK, Y. enterocolitica has been more 
prevalent in eastern England and Y. pseudotuberculosis in western England (315). 
Y. pseudotuberculosis is a less studied pathogen in pork production than Y. 
enterocolitica. It has been isolated sporadically from pigs in Asia, America, and Europe 
(Table 7), although the prevalence of Y. pseudotuberculosis-positive farms and pigs is 
markedly lower than that of Y. enterocolitica. Y. pseudotuberculosis O:3 is the most 
prevalent serotype in pigs, although other serotypes are also detected (Table 7).  
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Table 11. Farm prevalence of enteropathogenic Yersinia in pig farms 
Pathogen / country Sample type N of tested farms N of positive farms (%) Reference 
Yersinia enterocolitica    
 Belgium Tonsilsa 10 8 (80) (313) 
 Canada Fecesb 20 16 (80) (324) 
 Canada Fecesb 31 15 (48) (118) 
 Denmark Tonsilsa 99 81 (82) (17) 
 Estonia Tonsilsa 15 15 (100) (314) 
 Finland Fecesb 14 5 (36) (31) 
 Finland Tonsilsa 48 34 (71) (31) 
 Germany Tonsils and fecesa 19 16 (84) (125) 
 Germany Fecesb 30 13 (43) (415) 
 Italy Tonsilsa 22 22 (100) (313) 
 Japan Cecal contenta 96 32 (33) (158) 
 Latvia Tonsilsa 5 3 (60) (314) 
 Russiac Tonsilsa 10 10 (100) (314) 
 Spain Tonsilsa 14 14 (100) (313) 
 UK Tonsilsa 45 31 (69) (315) 
 USA Fecesb 47 17 (36) (435) 
 USA Tonsilsb 102 20 (20) (435) 
 USA Fecesb 77 17 (22) (44) 
Yersinia pseudotuberculosis    
 Belgium Tonsilsa 10 8 (80) (313) 
 Estonia Tonsilsa 15 2 (13) (314) 
 Italy Tonsilsa 22 3 (14) (313) 
 Japan Cecal contenta 96 15 (16) (158) 
 Latvia Tonsilsa 5 3 (60) (314) 
 Russiac Tonsilsa 10 6 (60) (314) 
 UK Tonsilsa 45 35 (78) (315) 
a Sampled at slaughterhouse 
b Sampled on farm  
c Leningrad region 
2.5.1 Enteropathogenic Yersinia on pig farms 
The prevalence of Y. enterocolitica in pigs varies among farms (17, 162, 173, 249, 291), 
indicating that there are some factors affecting the prevalence of Y. enterocolitica on 
farms. However, little is known of these factors. Some studies suggest that Y. 
enterocolitica O:3 is more common in specialized slaughter pig production than in farrow-
to-finish pig production (287, 369) and in conventional rather than in organic production 
(304), whereas other studies were not able to show similar differences in production types 
(17, 246, 435). In the UK, Y. enterocolitica was more common in pig tonsils in eastern 
England and in assured British pigs, whereas Y. pseudotuberculosis was more common in 
organic production and western England (315). In study from Canada, Y. enterocolitica-
positive farms did not cluster spatially within a province suggesting a lack of between-
herd transmission via indirect contact of neighboring herds through wildlife or humans 
and lack of a common geographic risk factor (328). At the slaughterhouse, high partial 
condemnation percentages of pig carcasses in meat inspection did not significantly affect 
the prevalence of Y. enterocolitica O:3 in pigs, suggesting that the frequency of sick pigs 
does not affect the prevalence of Y. enterocolitica (31). This is in part supported by 
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Wesley et al. (2008), who found that Y. enterocolitica-positive farms were associated in a 
regression model with vaccination of Escherichia coli and percentage of deaths due to 
scours, but not with presence of Salmonella, roundworms, gastric ulcers, hemolytic bowel 
syndrome or ileitis in the USA (435). Specific pathogen free (SPF) farms have been 
associated with a lower prevalence of Y. enterocolitica in Denmark (84) and it is possible 
to establish and maintain a closed SPF breeding pyramid free of pathogenic Y. 
enterocolitica (290). Additionally, Y. enterocolitica-positive farms have been associated in 
a regression model with the presence of meat or bone meal in grower-finisher diets in the 
USA (435). Manual feeding of slaughter pigs and under-pressure ventilation were 
protective factors, whereas using straw bedding for slaughter pigs, and separation between 
clean-unclean in herd contributed to a higher prevalence of Y. enterocolitica antibodies in 
pigs in a study done in Norway (369). 
Pathogenic Y. enterocolitica is isolated from fattening or finishing pigs, but not usually 
from piglets or sows (62, 118, 162, 173, 236). In fattening pigs, the occurrence of 
pathogenic Y. enterocolitica is  dependent  on  the  age  of  the  pigs  and  sample  source:  the  
pathogen can first be isolated from feces and tonsils before antibodies can be detected by 
serology (162, 289, 298). Pigs carry Y. enterocolitica long in tonsils, whereas the 
excretion to feces stops 7–10 weeks after infection (289, 298). The prevalence of pigs 
excreting Y. enterocolitica into feces is highest at around 12–21 weeks of age, after which 
the excretion decreases (162, 289). Repeated sampling on a farm shows that Y. 
enterocolitica persists on the farm (324, 328, 369), but the contamination sources are still 
unclear. Both environmental and pig-to-pig transmission have been suggested (162, 324, 
369): Enteropathogenic Y. enterocolitica has occasionally been isolated from pig house 
environments particularly from farms with high prevalence of pathogenic Y. enterocolitica 
in pigs (162, 324). Pathogenic Y. enterocolitica has been isolated from pig house 
structures such as pen floors and separators, stairs and passage, suckling devices, water 
tap, and piping (9, 162, 324). Working equipment and clothing have also been 
contaminated (324, 415). Moving the pigs from one pen to another may also spread Y. 
enterocolitica on the farm (162). In herds with low prevalence of Y. enterocolitica in pigs, 
the transmission of infection by the environment may be low and pig-to-pig transmission 
more likely (324). Pathogenic Y. enterocolitica can also be isolated from pest animals and 
dogs on farms (7, 417, 418, 448), although in other attempts it has not been isolated in pest 
animals from Y. enterocolitica-positive pig farms (83, 173, 324). It has been proposed that 
the likely transmission of pathogenic Y. enterocolitica may be from pigs to rodents rather 
than from rodents to pigs, since the prevalence of pathogenic Y. enterocolitica in rodents 
is higher in areas where rodents live in farmers’ houses and farmland than on the steppes 
(417).  In  a  study  done  in  Norway,  daily  observation  of  cat  with  kittens  on  the  farm  
correlated with a higher prevalence of Y. enterocolitica antibodies in pigs (369). However, 
in the USA neither access by rodents, cats, cattle, sheep, or goats, nor the presence of feral 
pigs in the country were risk factors (435). Y. pseudotuberculosis has been isolated from 
pigs on farms (9, 117, 434) (Table 7) and also from rats on a pig farm (7). 
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2.5.2 Enteropathogenic Yersinia at the slaughterhouse 
Pigs from enteropathogenic Yersinia-positive farms carry the pathogens to the 
slaughterhouse in their tonsils and intestines and during lairage, contamination between 
herds is possible (157, 158). At the slaughterhouse, it is impossible to identify 
asymptomatic carriers of enteropathogenic Yersinia in ante- or postmortem inspection 
without microbial sampling. Pathogenic Y. enterocolitica can frequently be isolated from 
the surface of the organs and carcasses of the slaughtered pigs (Tables 12 and 13). Y. 
pseudotuberculosis has been isolated from carcasses and skin swabs at the slaughterhouse, 
although less frequently than Y. enterocolitica (157) (Table 12). Therefore, measures are 
needed to prevent the contamination of carcasses and edible offals with enteropathogenic 
Yersinia. Bagging of the rectum and changes in removal of the head have been suggested 
to reduce contamination of carcasses and pluck sets at the slaughterhouse (16, 82, 131, 
295). In the study by Andersen (1988), the prevalence in different parts of the carcass 
decreased from 7–12% without bagging to 1–2% with bagging (16). At the same time, the 
occurrence of Y. enterocolitica-positive pigs sampled from the rectal contents decreased 
from 26% to 19% (16). In the study by Nesbakken et al. (1994), the prevalence of Y. 
enterocolitica on carcasses decreased from 2–8% to 0% in Norway and from 2–7% to 0–
2% in Sweden, but the prevalence of Y. enterocolitica in tonsils or feces was not recorded 
in the study (295). Removal of the head with tongue and tonsils reduced the contamination 
of carcasses with Y. enterocolitica O:3 from 40% to 14% and liver and diaphragm from 
25% to 17%, even though the prevalence of Y. enterocolitica in the pig tonsils sampled 
increased from 56% to 72% (82). The combined prevalence of Listeria monocytogenes 
and enteropathogenic Yersinia in Finnish pork was estimated to decrease from 1–11% to 
0–2% if the head was removed intact and the rectum sealed off (334). Meat inspection 
procedures such as incision of the lymph nodes have also been suggested to spread 
pathogenic Y. enterocolitica on the carcasses, since enteropathogenic Yersinia can 
colonize lymphatic tissue and are isolated e.g. from submaxillary lymph nodes, which are 
incised at the meat inspection (287). Since Y. enterocolitica can frequently be isolated 
from the head area, cutting of the head meat should be carried out on a separate work table 
and in a separate room (52). At the slaughterhouse, the prevalence of pathogenic Y. 
enterocolitica is from 2–6 to as much as 73 times higher in tonsils than in feces of pigs 
(50, 125, 137, 173, 287, 304, 387), suggesting that tonsils are a more important 
contamination source than the intestines (289). 
Pathogenic Y. enterocolitica can be widely spread at the slaughterhouse during 
slaughter. In a study done in Finland, Y. enterocolitica 4/O:3 was detected on the brisket 
saw, the hook from which the pluck set hangs, evisceration knife, aprons used by 
trimming workers, computer keyboard used in the meat inspection area, floor at the 
eviscerating and weighting area, and in the air of the bleeding area (131). Additionally, 
pathogenic Y. enterocolitica was  detected  in  the  handle  of  the  coffee  maker  used  by  
slaughterhouse workers (131). In Norway, Y. enterocolitica 4/O:3 was isolated from the 
floor in the bleeding area, eviscerating area, after meat inspection, and from viscera table 
(286). In Italy, Y. enterocolitica 4/O:3 was isolated from the scalding vat water, although 
the strain isolated was yadA-negative (50). Y. enterocolitica O:3  and  O:9  were  also  
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isolated from slaughterhouse sludge (122). The same PFGE types of Y. enterocolitica 
4/O:3 from the slaughterhouse environment, carcasses, and pluck sets suggest that 
slaughtering equipment and the slaughterhouse environment may spread the 
contamination to carcasses and pluck sets (131). Occurrence of Y. pseudotuberculosis in 
the slaughterhouse environment has not been reported. 
 
Table 12. Isolation of pathogenic Yersinia enterocolitica and Yersinia pseudotuberculosis 
from pork and pig skin samples 
Pathogen / sample No of samples 
No. of positive 
samples (%) Bioserotype Virulence test
a Reference 
Y. enterocolitica      
 Carcass 100b 31 (31) O:3 ST (84) 
  30b 19 (63) 4/O:3 BT/ST (286) 
  1200b 53 (4) 4/O:3; 3/O:3 Aag+ (157) 
  80b 5 (6) 4/O:3 yadA+ (131) 
  24b 3 (13) O:3 ST (287) 
  383b 1 (0.3) 4/O:3 ail+ (173) 
  122b 1 (1) O:3 ST (434) 
  60b 9 (15) 4/O:3, 2/O:9 BT/ST (296) 
 Masseter muscles 25 9 (36) O:3 ST (365) 
  50b 4 (8) 4/O:3 BT/ST (421) 
 Pork 72c 11 (15) O:3; O:5 ST (351) 
  120c 5 (4) 3B/O:3; 4/O:3 Aag+, CD+ (139) 
  127c,d 1 (0.8) 4/O:3 BT/ST, aag+ (288) 
  120c 4 (3) O:3 BT/ST (140) 
  70c 24 (34) 3B/O:3; 4/O:3; 2/O:9 P+ (364) 
  50c,e 12 (24) 4/O:3 BT/ST (421) 
  400c,d 4 (1) O:3, O:9 ST (90) 
  45d 8 (18) O:3 ST (292) 
  240 62 (26) O:3 ST (94) 
  1278c,d,f 30 (2) 4/O:3; 3/O:3  (155) 
  255c 4 (2) 4/O:3 yadA+ (128) 
  249b 6 (2) 4/O:3 BT/ST, aag+ (210) 
  120d 14 (12) 4/O:3 CRMOX+ (125) 
  100c 32 (32)  Aag+, CV+ (414) 
  100c 5 (5)  ail+ (389) 
  330 32 (10) 4/O:3 CRMOX+ (65) 
  34b,c 6 (18)  ail+, virF+ (192) 
 Skin 550b 38 (7) 3/O:3; 4/O:3 Aag+ (157) 
Y. pseudotuberculosis     
 Carcass 1200b 3 (0.3) O:2c; O:3; O:4b Aag+ (157) 
 Pork 120c 1 (0.8) 4b Aag+, CD+ (139) 
 Pork, meat juice 1278c 1 (0.1) 4b  (155) 
a Aag, autoagglutination; BT, biotype; CD, calcium dependency; CRMOX Congo red-magnesium oxalate; 
CV, crystal violet binding; P, plasmid; ST, serotype 
b Sampled at slaughterhouse 
c Sampled at retail 
d Sampled at processing plant 
e Pork-beef 
f Sampled at whole sale 
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Table 13. Isolation of pathogenic Yersinia enterocolitica and Yersinia pseudotuberculosis 
from pig pluck sets 
Pathogen / 
Sample 
No. of 
samples 
No of positive 
samples (%) Bioserotype Virulence test
a Reference 
Y. enterocolitica     
 Diaphragm 200b 5 (3) 4/O:3, O:5 BT/ST, ST (260) 
  20b 10 (50) 4/O:3 CRMOX+ (125) 
 Edible offals 100 51 (51) 4/O:3 CRMOX+ (65) 
 Heart 8b 4 (50) 4/O:3 yadA+ (131) 
  20b 14 (70) 4/O:3 CRMOX+ (125) 
 Kidney 13b 9 (69) 4/O:3 yadA+ (131) 
  20b 3 (15) 4/O:3 CRMOX+ (125) 
 Liver 163b 1 (0.6) O:9 ST (281) 
  13b 4 (31) 4/O:3 yadA+ (131) 
  20b 5 (25) 4/O:3 CRMOX+ (125) 
 Lungs 20b 14 (70) 4/O:3 CRMOX+ (125) 
 Tongue 31b 8 (26) 4/O:3; 1/O:8 Aag+, Mice lethality+ (O:8) (99) 
  37 11 (30) O:3 ST (351) 
  20b 11 (55) O:3 ST (354) 
  49b 8 (16) 2/O:5,27 BT/ST, WA-SAA (98) 
  334b,e 12 (4) O:3 ST (10) 
  47b 5 (11) 4/O:3 Aag+ (285) 
  50c 18 (36) 4/O:3; 3B/O:3 BT/ST (364) 
  29c 28 (97) 4/O:3 BT/ST (421) 
  38c 4 (11) 4/O:3 BT/ST (240) 
  40b 8 (20) O:3, O:9 ST (90) 
  86b 3 (3) 4/O:3, 2/O:9 BT/ST (93) 
  30d 11 (37) O:3 CRBHO, virF+, ail+ (42) 
  51c 40 (78) 4/O:3 yadA+ (128) 
  20b 15 (75) 4/O:3 CRMOX+ (125) 
Y. pseudotuberculosis     
 Tongue 334b,e 5 (1)   (10) 
 Tongue 50c 1 (2) O:4b P+, aag+, CD+, mice 
lethality+ 
(364) 
aAag, autoagglutination; BT, biotype; CD, calcium dependency; CRBHO, Congo red-calcium-deficient 
brain heart infusion; CRMOX Congo Red-magnesium oxalate; CV, crystal violet binding; P, plasmid; ST, 
serotype; WA-SAA, WA-specific absorbed antiserum 
b Sampled at slaughterhouse 
c Sampled at retail 
d Sampled at processing plant 
e Pooled samples 
2.5.3 Enteropathogenic Yersinia in pork and pork products 
Pathogenic Y. enterocolitica has frequently been isolated from pork products and edible 
offals (Tables 12 and 13), although at lower levels than in pigs (Table 5). Pathogenic Y. 
enterocolitica has also been isolated in a butcher shop from the worktable and chain glove, 
enabling cross-contamination at the retail level, if good manufacturing practices are not 
followed (129). The growth of Y. enterocolitica O:3 may be inhibited in the raw pork, but 
the strains survive when stored at 6°C. Microbial flora, especially Hafnia alvei and 
environmental Yersinia can inhibit the growth of Y. enterocolitica O:3 (140, 144). 
Pathogenic Y. pseudotuberculosis has been reported on tongues, skin, and pork 
occasionally (Tables 12 and 13). 
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3 Aims of the study 
The objective of this work was to evaluate isolation methods for enteropathogenic 
Yersinia in porcine samples and study factors affecting the occurrence of enteropathogenic 
Yersinia at the farm level, investigate the transmission of enteropathogenic Yersinia from 
farm to slaughterhouse and examine possible interventions at the slaughterhouse. The 
specific aims were as follows: 
 
1. To evaluate the effectiveness of isolation methods and isolation steps for 
enteropathogenic Yersinia in porcine samples (I–III), 
 
2. To study possible farm factors affecting the prevalence of enteropathogenic 
Yersinia on farms (II–IV), 
 
3. To investigate the transmission of enteropathogenic Yersinia from farm to 
slaughterhouse and the contamination of carcasses and pluck sets at the 
slaughterhouse (III–V), and 
 
4. To determine the effect of bagging of the rectum on the contamination of carcasses 
with enteropathogenic Yersinia (V). 
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4 Materials and methods 
4.1 Sampling 
4.1.1 Evaluation of isolation methods for pathogenic Y. enterocolitica and 
Y. pseudotuberculosis (I–III) 
A total of 204 samples of the intestinal contents of fattening pigs were collected at four 
different slaughterhouses in Finland between September 2006 and March 2007 for the 
evaluation of isolation methods for the detection of pathogenic Y. enterocolitica (I). 
Samples were collected after meat inspection. From an incision into the colon, app. 50 g of 
intestinal content were collected in a disposable plastic sampling jar, using a clean 
disposable spoon (I). The efficacy of different isolation steps for the detection of 
pathogenic Y. pseudotuberculosis from 60 pooled and 364 individual rectal samples 
collected from farms (II, III), and 358 intestinal content, 350 tonsil, 354 pluck set, and 359 
carcass samples collected from the slaughterhouse (III) was studied. 
4.1.2 Distribution of pathogenic Y. pseudotuberculosis on farms (II) 
In all, 155 pooled rectal samples containing samples from five pigs of different age groups 
from eight farms and 13 individual fecal samples (six and seven from boars and pet 
animals, respectively) were collected. A total of 116 pooled environmental samples from 
floors and troughs were collected from five pens on each farm and eight farms in the 
southwestern and western parts of Finland were studied. Pathogenic Y. pseudotuberculosis 
was isolated at the slaughterhouse from the tonsils of pigs (301) 6–10 months before farm 
sampling. Pen floors, trough surfaces, and 5–10 air samples were collected, depending on 
the farm size. Rectal swabs of pigs at the farms were collected with sterile cotton wool 
sticks.  The  samples  were  transferred  into  tubes  containing  10  ml  of  PMB  (PBS,  
supplemented with 1% mannitol and 0.15% bile salts) and cold-stored until cultivation. 
Pen floors and trough surfaces were sampled from five pens by swabbing them with a 7.5-
cm x 7.5-cm gauze-covered cotton wool pad moistened with 10 ml of PMB and pooled. 
Air samples were collected using CIN (Yersinia Selective Agar Base; Oxoid Ltd, 
Basingstoke, Hampshire, UK) agar plates, left uncovered for 5 min. 
4.1.3 Transmission studies from farm to slaughterhouse (III, IV) 
A total of 15 farms were selected from southwestern Finland and sampled between June 
2003 and January 2005. On each farm, 21–26 pigs were sampled for the presence of 
pathogenic Y. enterocolitica and Y. pseudotuberculosis. The samples were collected from 
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364 pigs on the farm and at the slaughterhouse. All samples were logistically associated 
with the corresponding pig. Rectal swabs were obtained from pigs on the farm with sterile 
cotton wool sticks that were transferred into 10 ml of PMB after sampling. The pigs were 
ear-tagged with an individual number for further sampling at the slaughterhouse. The time 
between farm and slaughterhouse sampling was 1–2 weeks. At the slaughterhouse, the 
order of research pigs in the slaughter line was recorded and the samples from intestinal 
content, tonsils, pluck sets, and carcasses were collected after meat inspection. For the 
intestinal contents sample, colon was cut open and app. 1 g of intestinal content was 
collected into a disposable plastic sampling jar, using a clean disposable spoon. The 
tonsils were cut from the pluck set with a knife, which was washed and sterilized in hot 
(82°C) water before each sampling. The pluck sets were sampled by swabbing the surface 
of the lungs, heart, liver, and kidneys with a 7.5-cm x 7.5-cm gauze moistened with 10 ml 
of peptone water. The peptone water-moistened gauze was also used for swabbing the 
total surface of the thoracic and pelvic cavities of both halves of the carcass. 
4.1.4 Reduction of carcass contamination, using bagging of the rectum (V) 
The effect of sealing the rectum with a plastic bag on contamination of carcasses with 
enteropathogenic Yersinia was evaluated in a United States Department of Agriculture-
audited pig slaughterhouse in Finland over a 2-month period in 2007. The samples were 
collected in two rounds. In the first sampling round, the rectum was circumcised with a 
bung cutter, but not bagged. In the second sampling round, the rectum was manually 
sealed by placing a plastic bag onto the rectum after the circumcision. The rectum removal 
system tested (circumcision or bagging of the rectum) was used at least 2 weeks prior to 
the sampling to ensure that the system was being used properly. In both sampling rounds, 
the samples were collected on 6 different days over 2 weeks. 
Each sampling day, 25 pigs from 2–8 farms were sampled. The sampled pigs were 
from 55 farms, with 1–18 pigs from each farm. The intestinal content, tonsils, and three 
carcass samples were collected from 151 pigs without bagging and from 150 pigs with 
bagging. The intestinal contents and tonsils were collected in the slaughter line after meat 
inspection. The carcasses of the sampled pigs were tagged with a running number on the 
slaughter line and routed to the side lane, where the carcasses were swabbed. From each 
carcass, the farm number from the tattoo and the running slaughter line number were 
recorded, and production type and capacity of the farm were checked. The production 
capacity was categorized as small (<1000 slaughtered pigs per year) or large ( ?1000 
slaughtered pigs per year), and farm type as slaughter production or farrow-to-finish 
production. Farms without their own piglet production were defined as slaughter 
production and all farms that produced piglets and had sent pigs to slaughter were 
considered farrow-to-finish production. The intestinal content was collected with a clean 
disposable spoon from an incision into the colon area. The tonsils were cut from the pluck 
set with a knife, which was washed and sterilized in hot (82°C) water before each 
sampling. Carcass samples were collected from both halves of the carcass by swabbing 
with a sponge swab premoistened with sterile phosphate buffer (Polywipe MW729, 
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Medical Wire and Equipment Co., Corsham, Wiltshire, UK). For pelvic and abdominal 
samples, the pelvic and abdominal cavities down to the diaphragm and along the cut 
surface of the abdominal skin were swabbed. The thoracic cavity, skin from the cut 
surface of the thorax, neck, and split surface of the head, except the oral cavity, were 
swabbed to obtain chest and head samples. Finally, to obtain a skin sample, the skin of the 
carcass was swabbed from the rectal circumcision to the level of the diaphragm. The 
samples were transported in a cooler to the laboratory and analyses were commenced the 
same day, except for the tonsil samples, which were frozen after arrival and analyzed later. 
Each sampling day, 10 air samples were collected during slaughtering from three sites: 
near carcass splitting, near bung cutting, and at the entrance of the refrigeration passage by 
sedimentation for approximately 1.5 h onto a CIN agar plate and onto a CIN plate without 
antibiotic supplement, using an Andersen two-stage cascade impactor onto CIN agar 
plates at a sampling flow rate of 28.3 l/min for 15 min and with liquid impingement using 
AGI-30 impinger (Ace Glass, Vineland, NJ, USA) into 20 ml PMB at a flow rate of 12.5 
l/min  for  15  min.  Each  day,  11  surface  samples  were  collected.  Floor  samples  were  
collected at the side lane during sampling of the carcasses, at the entrance of the 
refrigeration passage and from the floor next to the slaughterline at the site of the carcass 
splitter and gutting stand during slaughtering, using peptone water-moistened boot sock 
swabs made from tubular elastic material (latex and polyester) (Stockinette elastic casing 
net; Trunature Holdings Ltd., Swadlinkote, Derbyshire, UK) and pulled over the shoes for 
sampling. A gutting knife, brisket saw, edge of the gutting stand, automatic stamping 
machine, computer keyboard at the meat inspection area, and abdominal fat remover were 
swabbed with sponge swabs during slaughtering. In addition, two samples were taken 
from the carcass splitter during a break. 
4.2 Isolation and identification of enteropathogenic Yersinia (I–
V) 
The samples  were  studied,  using  six  different  methods  (Fig.  1).  For  evaluation  of  the  Y. 
enterocolitica isolation methods (I), samples of pig intestinal contents were examined in 
parallel, using four methods for detection of Y. enterocolitica: (1) ISO 10273:2003, (2) 
modified ISO 10273:2003, (3) modified NCFA 117:1996, and (4) a method of the 
Department of Food Hygiene and Environmental Health (DFEH). Direct isolation and 
cold enrichment for 1–3 weeks was used in II, the DFEH method in III and IV, and cold 
enrichment for 1–2 weeks was used in V. Up to five suspected colonies were streaked onto 
blood agar plates for pure culture (Difco Columbian Blood Agar Base; Becton Dickinson 
and Co., Sparks, MD, USA supplemented with blood) or tryptic soy agar (TSA; Difco) 
plates. 
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Figure 1. Isolation methods used in the thesis. Letters from A to U indicate separate isolation 
steps. Roman numerals indicate original publications, where isolation method is 
used. 
 
In ISO 10273 and modified ISO (I), the isolates were presumptively identified 
according to the ISO 10273 standard, using urease, indole, Kligler’s agar, and oxidase 
tests. The presumptive Y. enterocolitica isolates were further identified and biotyped with 
biochemical tests described in ISO 10273 (lysine and ornithine decarboxylation, sucrose, 
rhamnose, xylose, trehalose, and salicin acidification, citrate and aesculin hydrolysis, and 
Tween-esterase and pyrazinamidase [PYZ] activity). In other studies, the isolates were 
tested for urea hydrolysis with a 2% urea agar slant, and urease-positive strains were 
identified as Y. enterocolitica or Y. pseudotuberculosis using API 20E (BioMérieux, 
Marcy l’Etoile, France) (I, II, V). Alterntively, urease-positive strains were first identified 
using a PCR assay targeting the chromosomal virulence gene ail for Y. enterocolitica, inv 
for Y. pseudotuberculosis, and the virF gene in the virulence plasmid (pYV) (219, 279). 
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These were then typed by API 20E (III, IV), which was performed according to the 
manufacturer’s instructions, with the exception of incubation at 25°C instead of 37°C for 
18–20 h. 
4.3 Biotyping, serotyping, and pathogenicity of recovered 
isolates (I–V) 
The Y. enterocolitica isolates were biotyped, using xylose, trehalose, and salicin 
acidification, aesculin hydrolysis, Tween-esterase, and PYZ activity reactions from the 
revised scheme of Wauters et al. (1987) (423). The isolates were then serotyped with slide 
agglutination, using commercial polyvalent O:1,2, O:3, O:5, O:8, and O:9 antisera (Denka 
Seiken, Tokyo, Japan). Confirmed Y. pseudotuberculosis isolates were serotyped, using 
commercial O:1–O:6 antisera (Denka Seiken). 
The pathogenicity of Yersinia isolates was confirmed, using a PCR assay targeting the 
chromosomal virulence gene ail for Y. enterocolitica and inv for Y. pseudotubeculosis 
(279) and the virF gene (219, 279) in the virulence plasmid (pYV). In study II, the isolates 
were  also  tested  for  calcium  dependence  and  Congo  red  absorption  with  Congo  red-
magnesium oxalate agar (337). 
4.4 Pulsed-field gel electrophoresis analysis of pathogenic Y. 
enterocolitica and Y. pseudotuberculosis isolates (II–V) 
Enteropathogenic Yersinia isolates were characterized by PFGE. DNA preparation and 
isolation were done according to Fredriksson-Ahomaa et al. (1999) (123), with the 
exception of using Pefablock SC (Hoffman-La Roche, Mannheim, Germany) instead of 
phenylmethanesulfonylfluoride. The DNA of Y. enterocolitica was restricted with 6 units 
(U) NotI and 3 U XhoI (IV, V) and of Y. pseudotuberculosis with 3 U SpeI, 6 U NotI, and 
4  U  XbaI  (I)  or  3  U  SpeI  and  6  U  NotI (III,  V)  (New  England  Biolabs,  Ipswich,  MA,  
USA) enzymes, according to the manufacturer’s instructions. The fingerprints were 
interpreted either visually or using Bionumerics version 4.61 or 5.1 (Applied Maths, Sint-
Martens-Latem, Belgium) and confirmed visually. 
4.5 Specificity, sensitivity, positive, and negative predictive 
values of the isolation methods (I) 
The  combined  results  of  the  four  isolation  methods  were  used  as  a  reference,  when  the  
isolation methods were evaluated. An isolation step was considered to give a true-positive 
(TP) result if pathogenic (ail- and virF-positive) Y. enterocolitica was detected. If 
pathogenic Y. enterocolitica was not detected in the sample in any of the isolation steps, 
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the result was regarded as true-negative (TN). An isolation step gave a false-negative (FN) 
result when pathogenic Y. enterocolitica was not detected in the sample, using the 
isolation  step,  but  the  sample  was  detected  as  positive  in  some  other  isolation  step.  No  
false-positive (FP) results were obtained, since pathogenic Y. enterocolitica isolates were 
confirmed with phenotypic tests and the PCR assay. Specificity TN/(FP + TN) x 100, 
sensitivity  TP/(TP  +  FN)  x  100,  positive  predictive  value  TP/(TP  +  FP)  x  100,  and  
negative predictive value TN/(FN + TN) x 100 were used for evaluation of the efficacy of 
the methods and isolation steps. 
4.6 Statistical testing and association between enteropathogenic 
Yersinia and farm factors (I, III, IV) 
Statistical differences between the isolation methods (I) and prevalence of pathogenic Y. 
enterocolitica and Y. pseudotuberculosis from organic and conventional productions (III, 
IV) were tested using Chi2 test (EpiInfo 3.3.2; Center for Disease Control, USA). The 
Mann-Whitney U test (SPSS 15.0.1; SPSS Inc., Chicago, IL, USA) was used to test the 
difference between pathogenic Y. enterocolitica and Y. pseudotuberculosis from organic 
and conventional productions (III, IV). 
To assess the factors associated with the presence of pathogenic Y. pseudotuberculosis 
(III) or Y. enterocolitica (IV) in pigs, data on farm management practices were collected, 
using a questionnaire and on-farm observations as described previously (367). SPSS 
15.0.1 was used to calculate the correlations between farm factors and the prevalence of 
enteropathogenic Yersinia-positive  pigs  on  different  farms.  A  two-level  (farm  and  pig)  
multivariate logistic regression model was constructed with MLwiN 2.02 (Center for 
Multilevel Modeling, University of Bristol, UK), using the correlation results. Since 
fattening pigs can carry Y. enterocolitica in their tonsils without shedding at the farm 
(289), the association between enteropathogenic Yersinia and farm factors was tested with 
the combined on-farm rectal swab results and tonsil results from the slaughterhouse in an 
attempt to include all carriers of pathogenic Yersinia in  the  study.  In  analyses  of  the  
association between pathogenic Yersinia and farm factors, a pig was considered positive if 
either or both rectal and tonsil samples were positive and was excluded from the analyses 
if either the rectal or the tonsil sample was lacking. A total of 14 pigs (4%) were excluded, 
due to technical problems in the sampling. 
4.7 Hidden variable model and bagging effect (V) 
A Bayesian probability model was constructed to investigate the effect of bagging of the 
rectum on the carcass contamination with enteropathogenic Yersinia. WinBugs (257) 1.4.3 
was used to construct a hidden variable model of enteropathogenic Yersinia in pigs at the 
slaughterhouse at the animal-specific level. The observed prevalence of pathogenic Y. 
enterocolitica and Y. pseudotuberculosis in different sample types is dependent on the true 
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prevalence, the bagging intervention and the slaughterhouse environment. Since the 
sensitivity of isolation methods (at any specific site) is less than 100% (304), any sampling 
site may carry enteropathogenic Yersinia, even though undetected in the sample. 
Therefore, the true prevalence is not observable, and it is defined as a hidden variable 
(carriage) as described by Ranta et al. (2010) (334). The dependency relationship is 
illustrated in Fig. 2. Pathogenic Y. enterocolitica and Y. pseudotuberculosis were modeled 
separately, and only farms with at least three sampled pigs were included in the model. A 
total of 283 pigs from 41 farms were included in the model. 
 
 
 
Figure 2.  Graphical presentation of conditional dependencies in the model. Arrows denote a 
stochastic dependence. Observed data variables are shown in boxes, unknown 
variables and parameters in ellipsoids. Upper indices: c, chest and head; i, 
intestinal content; p, pelvis and abdomen; s, skin; t, tonsils. Lower indices: i = ith 
animal, j = jth farm. ? = parameter of hidden status model; F = farm-specific 
random effect. b = bagging effect. pi, pt, pp, pc, and ps = conditional probabilities of 
detection at a site, given that the animal was a hidden carrier; penviro = a global 
environmental parameter describing the probability of environmental 
contamination at the slaughterhouse. (Figure adopted from V.) 
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5 Results 
5.1 Isolation methods for the detection of enteropathogenic 
Yersinia (I–III) 
Cold enrichment was efficient at isolation of enteropathogenic Yersinia. MRB enrichment 
with pre-enrichment at 4°C and cold enrichment for 7 and 14 d have the highest sensitivies 
(59–66%) in the isolation of pathogenic Y. enterocolitica from intestinal contents (Table 
14). The isolation rate of pathogenic Y. enterocolitica with direct plating, ITC enrichment, 
and mildly selective enrichment at 22–25°C was 2–10%, whereas the isolation rates with 
cold enrichment and MRB enrichment with pre-enrichment at 4°C were 19%–22% (Table 
14). The detection rate of pathogenic Y. enterocolitica was significantly higher for the 
methods using cold enrichment in at least one isolation step (modified NCFA and DFEH) 
than for the methods without cold enrichment (ISO and modified ISO) (Chi2, P < 0.05). 
Similarly,  cold  enrichment  for  7  or  14  d  performed  better  in  the  isolation  of  Y. 
pseudotuberculosis from  rectal  swabs  than  direct  isolation  or  cold  enrichment  for  21  d  
(Table 15). Cold enrichment for 7 d detected 74% and cold enrichment for 14 d with KOH 
treatment detected 83% of Y. pseudotuberculosis-positive rectal, intestinal, tonsil, pluck 
set,  and  carcass  samples,  whereas  ITC  enrichment  detected  12%  of  the  103  positive  
samples (Table 15) (III). All Y. pseudotuberculosis-positive samples detected with ITC 
enrichment could also be detected with cold enrichment (III). None of the isolation steps 
tested detected all pathogenic Y. enterocolitica- or Y. pseudotuberculosis-positive samples 
and resulted in high numbers of false isolations (I, II).  
SSDC performed better than CIN after ITC enrichment in the isolation of pathogenic 
Y. enterocolitica, but plating onto CIN detected more positive samples than plating onto 
SSDC after direct isolation, or enrichment in MRB or ISO-PSB (Table 14). Plating onto 
CIN detected one pathogenic Y. pseudotuberculosis-positive sample more than plating on 
SMAC after 14 d of cold enrichment in PMB and KOH treatment (Table 15). 
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Table 14. Isolations of pathogenic Yersinia enterocolitica 4/O:3 from 204 pig intestinal 
contents and sensitivities of the different isolation methodsa (V) 
Isolation stepb N (%) of positive samples Sensitivity 
Direct isolation   
 (Hc) Direct plating + SSDC 4 (2) 6 
 (I) Direct plating + CIN 15 (7) 22 
Mildly selective enrichment in 22–25°C   
 (A) 5–6 d in ISO-PSB at 22–25°C + CIN 5 (2) 7 
 (B) 5–6 d in ISO-PSB at 22–25°C + KOH + CIN 7 (3) 10 
 (F) 5–6 d in PSB at 22–25°C + KOH + SSDC 12 (6) 18 
 (G) 5–6 d in PSB at 22–25°C + KOH + CIN 10 (5) 15 
ITC enrichment   
 (C, D) 2–3d in ITC at 25°C + SSDC 21 (10) 31 
 (E) 2–3d in ITC at 25°C + CIN 20 (10) 29 
 (N) 2–3d in ITC at 25°C + CIN 14 (7) 21 
MRB enrichment with pre-enrichment   
 (J) 8d CE in PSB + 4d in MRB at 22–25°C + SSDC 41 (20) 60 
 (K) 8d CE in PSB + 4d in MRB at 22–25°C + CIN 45 (22) 66 
 (L) 8d CE in PSB + 4d in MRB at 22–25°C + 14 d CE in MRB + 
SSDC 
38 (19) 55 
 (M) 8d CE in PSB + 4d in MRB at 22–25°C + 14 d CE in MRB + CIN 43 (21) 62 
Cold enrichment   
 (O) 7 d CE in PMB + CIN 44 (22) 65 
 (P) 14 d CE in PMB + KOH + CIN 40 (20) 59 
Total 68 (33) 100 
a All positive isolates were confirmed with biochemical and PCR testing; thus none of the methods produced 
false-positive results and specificity and positive predictive values were 100% in all methods. 
b CE, cold enrichment; CIN, cefsulodin-irgasan-novobiocin; ISO-PSB, ISO-phosphate-buffered saline with 
sorbitol and bile salts; ITC, irgasan-ticarcillin-potassium chlorate; KOH, potassium hydroxide; MRB, 
modified Rappaport broth; SSDC, Salmonella-Shigella-desoxycholate-calcium chloride. 
c Letter indicates isolation step in Fig. 1 
 
Table 15. Isolations of pathogenic Yersinia pseudotuberculosisa from pigs, pluck sets, and 
carcasses (II, III) 
Sample 
material Study N 
Number of positive samples in different isolation steps (%)b Total 
number 
of 
positive 
samples 
(%) 
Direct 
plating 
ITC 
enrichment 
Cold enrichment in PMB 
7 days 14 days+KOH 21 days 
CIN CIN CIN CIN SMAC CIN 
Pooled 
rectal swab II 60 6 (10)  9 (15) 12 (20) 11 (18) 8 (13) 15 (25) 
Rectal swab III 364  3 (0.8) 28 (8) 20 (5)   29 (8) 
Intestinal 
contents III 358  8 (2) 20 (6) 17 (5)   24 (7) 
Tonsils III 350  1 (0.3) 21 (6) 22 (6)   34 (10) 
Pluck set III 354  0 (0) 3 (1) 6 (2)   6 (2) 
Carcass III 359  0 (0) 4 (1) 9 (3)   10 (3) 
a All Y. pseudotuberculosis isolates were melibiose-negative and serotype O:3 
b CIN, cefsulodin-irgasan-novobiocin; ITC, irgasan-ticarcillin-potassium chlorate; KOH, potassium 
hydroxide, PMB peptone-mannitol-bile salts; SMAC, sorbitol MacConkey 
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5.2 Enteropathogenic Yersinia in pigs and on pig farms (II–V) 
The prevalence of enteropathogenic Yersinia varied among farms; the prevalence of 
pathogenic Y. enterocolitica-positive and Y. pseudotuberculosis-positive fattening pigs 
varied 0–100% and 0–92% between farms, respectively (III, IV). In addition, Y. 
pseudotuberculosis-positive fecal samples were found only from fattening pigs. Sows, 
boars, and suckling, and weaning piglets were negative on all farms (II). 
The prevalence of pathogenic Y. enterocolitica in fattening pigs was higher in 
conventional than organic production and lower with pathogenic Y. pseudotuberculosis 
(Table 16). The prevalence of both pathogenic Y. enterocolitica and Y. pseudotuberculosis 
was higher in fattening pigs from conventional farms with high production capacity rather 
than low production capacity (Table 16). However, the differences between farm types or 
capacities were not significant when the fact that 21–26 pigs were sampled from each farm 
was  considered  (Mann-Whitney  U-test)  (III,  IV).  According  to  the  Bayesian  model  (V),  
the prevalence of enteropathogenic Yersinia in high-capacity production both on farrow-
to-finish: 87% (95% credible interval [CI] 57–100%) and slaughter production: 91% (95% 
CI 61–100%) farms was higher than on low-capacity production: 70% (95% CI 28–100%) 
and 77% (95% CI 25–100%) farms, respectively. Drinking from a nipple and absence of 
coarse feed or bedding for slaughter pigs were associated with a high prevalence of 
pathogenic Y. enterocolitica 4/O:3 in the correlation and logistic regression analyses. In 
addition, high production capacity, wet feeding, and no access of pest animals to the pig 
house were associated with a high prevalence of pathogenic Y. enterocolitica 4/O:3 in the 
correlation analyses. Feed production hygiene, possible contamination of feed with feces, 
and high stocking density on conventional farms were associated with a high prevalence 
of pathogenic Y. enterocolitica 4/O:3 in the correlation analyses. 
In the correlation and logistic regression analyses, contact with pets, pest animals, and 
the outside environment was associated with high prevalence of Y. pseudotuberculosis on 
farms. In the correlation analyses, organic production and farm management practices, 
such as large group size on conventional farms and the trough as a drinker, were also 
associated with high prevalence (III). When sampled on farms (II), Y. pseudotuberculosis 
was isolated from one floor sample from a fattening pig pen. Other samples from the 
immediate environment of the pigs, i.e. floor, trough, and air samples, were Y. 
pseudotuberculosis-negative. On three Y. pseudotuberculosis-positive farms, pet animals 
(two dogs, two cats, one rabbit) were Y. pseudotuberculosis-negative, as were pets on two 
Y. pseudotuberculosis-negative farms (one dog, one cat). No pets lived on the two Y. 
pseudotuberculosis-positive farms (II). 
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Table 16. Enteropathogenic Yersinia in conventionally and organically produced pigs, 
pluck sets, and carcasses (III, IV). 
Sample type / 
prevalence 
Production type and capacity  
Total Organica  Conventional  Lowb  Highc  Total  
YEd YPe  YE YP  YE YP  YE YP  YE YP 
Rectal swabs               
 N of samples 121 121  118 118  125 125  243 243  364 364 
 Positive 1 23  2 0  19 6  21 6  22 29 
 Prevalence (%) 1 19  2 0  15 5  9 3  6 8 
Intestinal content               
 N of samples 119 119  118 118  121 121  239 239  358 358 
 Positive 1 11  8 0  18 13  26 13  27 24 
 Prevalence (%) 1 9  7 0  15 11  10 5  8 7 
Tonsil samples               
 N of samples 119 119  114 114  117 117  231 231  350 350 
 Positive 18 28  32 2  73 4  106 6  124 34 
 Prevalence (%) 15 24  28 2  62 3  46 3  35 10 
Pluck sets               
 N of samples 120 120  115 115  119 119  234 234  354 354 
 Positive 5 5  7 1  21 0  28 1  33 6 
 Prevalence (%) 4 4  6 1  18 0  12 0.4  9 2 
Carcasses               
 N of samples 120 120  118 118  121 121  239 239  359 359 
 Positive 2 10  4 0  17 0  21 0  23 10 
 Prevalence (%) 2 8  3 0  14 0  9 0  6 3 
a Farms registered as organic and inspected according to EU regulations (18) 
b Production capacity of fewer than 1000 fattening pigs per year 
c Production capacity of 1000 fattening pigs or more per year 
d Pathogenic Y. enterocolitica 4/O:3 
e Pathogenic Y. pseudotuberculosis O:3 
5.3 Transmission of enteropathogenic Yersinia from farm to 
slaughterhouse (III–V) 
The Y. enterocolitica and Y. pseudotuberculosis genotypes detected in the rectal swabs at 
the farm were also detected in the intestinal contents or tonsils of pigs at the 
slaughterhouse, except for one Y. pseudotuberculosis genotype. In addition, all but one of 
the 23 carcass-positive pigs harbored the same Y. enterocolitica genotype in rectal swabs, 
intestinal  contents,  or  tonsils  (IV).  The  same  genotype  was  found  in  the  carcass  and  
intestinal content or tonsils from 48 out of 65 pathogenic Y. enterocolitica-positive pigs 
(74%) with contaminated carcasses (V). Of the 17 carcass-positive pigs that did not harbor 
the same pathogenic Y. enterocolitica genotype in the intestinal content or tonsils, 12 
harbored a different genotype and five were pathogenic Y. enterocolitica-negative. The Y. 
pseudotuberculosis genotypes detected on 16 positive carcasses were also found in rectal, 
intestinal, or tonsil samples of the same pig (III, V). Four of the six Y. pseudotuberculosis-
positive and 23 out of 33 Y. enterocolitica-positive pluck sets were from pigs in which the 
same genotype was also obtained from the intestinal content, rectal swab, or tonsil sample 
(III, IV). The prevalence of pathogenic Y. enterocolitia on carcasses and pluck sets was 
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high in conventional production, where the prevalence of Y. enterocolitica in tonsils, 
intestinal content, and rectal swabs was also high. Similarly, the prevalence of pathogenic 
Y. pseudotuberculosis on carcasses and pluck sets was high in organic production, where 
the prevalence of Y. pseudotuberculosis in tonsils, intestinal content and rectal swabs was 
also high (Table 16). 
5.4 Use of bagging of the rectum as an intervention at the 
slaughterhouse (V) 
Bagging of the rectum decreased the contamination of carcasses with pathogenic Y. 
enterocolitica significantly (odds ratio [OR] = 0.54, 95% CI 0.32–0.86), but did not affect 
the prevalence of pathogenic Y. enterocolitica in tonsils or intestinal content (OR = 0.90, 
95% CI 0.51–1.51). Bagging of the rectum did not affect the contamination of carcasses 
with pathogenic Y. pseudotuberculosis (OR = 1.387, 95% CI 0.10–7.01) or the prevalence 
of pathogenic Y. pseudotuberculosis in tonsils or intestinal content (OR = 1.123, 95% CI 
0.14–4.70). Bagging of the rectum decreased the observed prevalence of pathogenic Y. 
enterocolitica and Y. pseudotuberculosis on carcasses from 26% to 17% and 8% to 1%, 
respectively. The prevalence of enteropathogenic Yersinia varied among carcass parts; the 
highest prevalence was in the head and chest samples and lowest in the skin samples 
(Table 17). 
 
Table 17. Prevalence of pathogenic Yersinia enterocolitica and Yersinia 
pseudotuberculosis in different sample types 
Bag 
No. of pigs (%) No. of positive carcass samples (%) 
No. 
sampled 
Intestinal 
content Tonsils Total 
Pelvis 
and 
abdomen 
Chest and 
head Skin Total 
Yersinia enterocolitica 
 No 151 45 (30%) 89 (59%) 94 (62%) 13 (9%) 33 (22%) 6 (4%) 39 (26%) 
 Yes 150 45 (30%) 88 (59%) 96 (64%) 9 (6%) 21 (14%) 4 (3%) 26 (17%) 
Yersinia pseudotuberculosis 
 No 151 7 (5%) 6 (4%) 8 (5%) 4 (3%) 1 (1%) 0 (0%) 4 (8%) 
 Yes 150 6 (4%) 2 (1%) 7 (5%) 2 (1%) 1 (1%) 2 (1%) 2 (1%) 
 
Eight slaughterhouse environment (three edge of gutting platform, two abdominal fat 
remover, two floor, and one air) samples (6%) were positive for pathogenic Y. 
enterocolitica without bagging and five (one splitting saw, and four edge of gutting 
platform) samples (4%) with bagging. Y. pseudotuberculosis was not isolated from 
slaughterhouse environments. All except one environmental sample harbored the same Y. 
enterocolitica PFGE type as pigs sampled the same day. 
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6 Discussion 
6.1 Isolation methods for the detection of enteropathogenic 
Yersinia (I–III) 
Cold enrichment was efficient at isolation of pathogenic Y. enterocolitica 4/O:3 from 
intestinal content and pathogenic Y. pseudotuberculosis from rectal, intestinal contents, 
and tonsil samples (I–III), as also supported by other studies (301, 304, 314, 393). In 
addition,  cold  enrichment  was  efficient  at  isolation  of  Y. pseudotuberculosis from pluck 
set and carcass samples (III). 
The sensitivity of ITC enrichment for the isolation of pathogenic Y. enterocolitica and 
Y. pseudotuberculosis from porcine samples was low. The sensitivity of MRB enrichment 
with pre-enrichment in PSB (55–66%) was higher than that of the ITC enrichment steps 
(21–31%) for the isolation of Y. enterocolitica from intestinal contents (I). Previously, 
Hoorfar and Holmvig (1999) found that ITC and MRB both with pre-enrichment gave 
fairly similar results for pathogenic Y. enterocolitica from pig fecal samples, although the 
reproducibility of the results was poor (190). This suggests that in examination of fecal 
samples for pathogenic Y. enterocolitica, pre-enrichment should be used before selective 
enrichment.  ITC enrichment  with  plating  onto  CIN performed poorly  in  the  isolation  of  
pathogenic Y. pseudotuberculosis from rectal, intestinal, tonsil, carcass, and pluck set 
samples (III) and Ortiz Martínez et al. (2009) showed similar results for tonsils (314). ITC 
enrichment appears unsuitable for the isolation of pathogenic Y. pseudotuberculosis from 
porcine samples. 
CIN agar medium may inhibit the growth of some Y. pseudotuberculosis strains (143), 
and thus other media, such as SMAC, have been proposed (365). Plating onto CIN 
detected one pathogenic Y. pseudotuberculosis-positive rectal sample more than plating 
onto SMAC after cold enrichment (II), suggesting that SMAC does not improve the 
sensitivity of cold enrichment. SSDC performed better than CIN after ITC enrichment in 
the isolation of pathogenic Y. enterocolitica, as also shown previously (90), but plating 
onto CIN detected more positive samples than plating onto SSDC after direct isolation, or 
after enrichment in MRB or ISO-PSB (I). 
None of the isolation steps tested detected all pathogenic Y. enterocolitica or Y. 
pseudotuberculosis-positive samples and resulted in high numbers of false isolations (I, 
II). More than one isolation step should be used in parallel, as also recommended 
elsewhere (91, 124, 288, 291, 301, 314, 393) and better isolation methods for 
enteropathogenic Yersinia need to be developed. 
6.2 Enteropathogenic Yersinia in pigs and on pig farms (II–V) 
Our results (III–V) imply that the prevalence of enteropathogenic Yersinia in fattening 
pigs is higher in high production capacity than low-production capacity, but no difference 
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in the prevalence of enteropathogenic Yersinia in fattening pigs between farrow-to-finish 
and slaughter pig production was detected. In addition, the prevalence of pathogenic Y. 
enterocolitica in fattening pigs was higher in conventional than in organic production, 
whereas contrasting results were obtained for pathogenic Y. pseudotuberculosis. However, 
the differences are not significant when clustering of the pigs on the farms was considered. 
Previously,  the  prevalence  of  Y. enterocolitica was suggested to be higher in slaughter 
production than in farrow-to-finish production (287, 369) and in conventional rather than 
organic production (304), although other studies have not detected similar differences (17, 
246, 435). Differences in the prevalence of pathogenic Y. enterocolitica have been 
described among slaughterhouses in Finland and among states in the USA (43, 124, 236), 
although within a province in Canada, Y. enterocolitica-positive farms did not cluster 
spatially (328). The differences in prevalence of enteropathogenic Yersinia in production 
types and capacities may be local. In any case, the wide range of within-farm prevalence 
of both pathogenic Y. enterocolitica and Y. pseudotuberculosis (III, IV) and also in 
previous studies with Y. enterocolitica (17, 162, 173, 249, 291) suggest that there may be 
farm factors that affect the prevalence. 
The high prevalence of pathogenic Y. pseudotuberculosis was associated with factors 
related to the access of pet and pest animals to the pig house and the outing opportunities 
for fattening pigs, whereas pet or pest contacts or outing opportunities were not apparently 
associated with the high prevalence of pathogenic Y. enterocolitica (III, IV). Pathogenic Y. 
pseudotuberculosis has been isolated in wild animals and the environment, particularly in 
the Far East (145, 151, 176), but also from Europe (37, 299, 302, 348). In contrast, Y. 
enterocolitica strains isolated from wild animals and the environment are usually 
apathogenic (8, 37, 86, 150, 161, 168, 183, 196, 218, 220, 221, 223, 224, 230, 258, 274, 
302, 327, 358, 363, 377, 399, 444), suggesting differences in the wild animal reservoirs of 
pathogenic Y. enterocolitica and Y. pseudotuberculosis. Y. pseudotuberculosis O:3 was 
isolated from a rat captured on a pig farm (7) and Y. pseudotuberculosis strains with the 
same patterns in restriction endonuclease analysis of virulence plasmids have been 
detected both from the environment and pigs (151), suggesting a possible link between 
pathogenic Y. pseudotuberculosis on pig farms and pest animals or the environment. 
However, since the Y. pseudotuberculosis strains isolated in the present study were 
melibiose-nonfermenting Y. pseudotuberculosis O:3, which is isolated globally from 
domestic rather than wild animals or the environment (159), it is more likely that the role 
of pest animals on pig farms is to spread and maintain the Y. pseudotuberculosis 
contamination on the farm when contacts with the environment and pest animals are 
numerous, rather than introduce the pathogen to the farm, as also previously suggested 
with pathogenic Y. enterocolitica (417). Y. pseudotuberculosis was not isolated from pet 
animals on Y. pseudotuberculosis-positive pig farms, but the possibility of the pet animals 
to access the pig house was not recorded in the study (II). 
The high prevalence of pathogenic Y. enterocolitica was associated with the possible 
contamination of feed with feces in the pen and the high prevalence of pathogenic Y. 
pseudotuberculosis was associated with drinking from the trough (III, IV), suggesting that 
pig farm environment can spread enteropathogenic Yersinia to the pig house. Pigs in a pen 
can contaminate the water in the trough with feces, spreading Y. pseudotuberculosis in a 
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manner similar to that suggested for Salmonella (121, 445). Although Y. 
pseudotuberculosis was not isolated from the trough used for feeding (II), pathogenic Y. 
pseudotuberculosis was recovered from the pen floor of fattening pigs, supporting the role 
of the environment. Y. enterocolitica 4/O:3 was isolated from the pig house floor (9) and a 
feed sample collected from the feeding place, but not from the storage (324), suggesting 
contamination of the feed in the pen. The association of high prevalence of pathogenic Y. 
enterocolitica with high stocking density and high production capacity on conventional 
farms, as well as the association of pathogenic Y. pseudotuberculosis with large group size 
on  organic  farms,  suggests  that  pig-to-pig  contacts  are  also  a  possible  way of  spreading  
contamination on pig farms. Both pig-to-pig and environmental contamination routes on 
pig farms are possible ways to spread enteropathogenic Yersinia on pig farms, and both 
ways need to be addressed if possible interventions on pig farms are considered. 
Pathogenic Y. pseudotuberculosis was isolated from the feces of fattening pigs, but not 
from the feces of sows or piglets. This is in accordance with previous studies, in which Y. 
pseudotuberculosis and Y. enterocolitica were isolated from the tonsils of fattening pigs 
but not from sows at the slaughterhouse (118, 162, 173, 236, 301). Bowman et al. (2007) 
reported that the phase of production affected the prevalence of Y. enterocolitica in sows 
(62). In fattening pigs, the occurrence of pathogenic Y. enterocolitica is dependent on the 
age of the pigs and sample source; the pathogen can first be isolated from feces and tonsils 
before antibodies can be detected by serology (162, 289, 298). The factors affecting 
enteropathogenic Yersinia carriage by pigs are still unclear, but it has been suggested that 
older  animals  may  develop  a  natural  resistance  to  Yersinia and suckling piglets may be 
protected by passive immunization (236, 289). 
6.3 Transmission of enteropathogenic Yersinia from farm to 
slaughterhouse (III–V) 
The same PFGE types of pathogenic Y. enterocolitica and Y. pseudotuberculosis were 
isolated from rectal swabs collected on farms and from the intestinal content or tonsils of 
pigs from the same farm at the slaughterhouse, suggesting that pathogenic Y. 
enterocolitica 4/O:3 and Y. pseudotuberculosis O:3 are transmitted from farm to 
slaughterhouse  (III,  IV).  In  addition,  the  same  genotype  of  pathogenic  Y. enterocolitica 
and Y. pseudotuberculosis was isolated from rectal swabs, intestinal content, or tonsils of 
carcass-positive pigs and their subsequent carcasses at the slaughterhouse in 80% (70/88) 
and 100% (16/16) of the cases and from pluck set-positive pigs and their subsequent pluck 
sets in 70% (23/33) and 67% (4/6), respectively, showing that pathogenic Y. enterocolitica 
4/O:3 and Y. pseudotuberculosis O:3 are transmitted from pigs to carcasses and pluck sets 
at the slaughterhouse. However, since there were also genotypes isolated from carcasses 
and pluck sets that were not isolated from the pig in question, cross-contamination from 
other carcasses or via the slaughterhouse environment and equipment during slaughter and 
meat inspection was also possible.  
The prevalence of pathogenic Y. enterocolitica on carcass samples from conventional 
farms (9%) (IV) was similar to the prevalence of pathogenic Y. enterocolitica in pelvic 
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and abdominal samples (9%) (V), whereas the prevalence of Y. enterocolitica in chest and 
head samples (22%) was notably higher, suggesting that the higher prevalence of 
pathogenic Y. enterocolitica may have  originated  in  the  head  area  (V).  Y. enterocolitica 
can easily be isolated from the masseter muscles, and in tongues the prevalence of 
pathogenic Y. enterocolitica can be very high (128, 421). Of the 17 pathogenic Y. 
enterocolitica-positive carcasses harboring a PFGE type not present in the intestinal 
content or tonsils, 10 were found only in chest and head samples, which may indicate 
cross-contamination, particularly in the head area. However, the tonsils carry many Y. 
enterocolitica PFGE types that are not found in the intestinal contents of the pigs (IV), and 
since not all colonies on CIN plates can be isolated and typed, some of the less frequent 
PFGE types may have been omitted. Additionally, the tonsil samples were frozen and 
thawed prior to examination, which may have reduced the isolation of some PFGE types 
from tonsils, although in general, pathogenic Y. enterocolitica O:3 survives freezing (40, 
41). 
In a previous study, the slaughterhouse environment, tools, and machines were 
frequently contaminated with the same PFGE types of Y. enterocolitica as found in the 
carcasses and pluck sets (131). All but one Y. enterocolitica PFGE  type  detected  in  the  
slaughterhouse environment could also be isolated from pigs slaughtered and sampled the 
same  day,  suggesting  pigs  as  a  source  of  environmental  contamination  at  the  
slaughterhouse (V). In the slaughtering process, evisceration, removal of pluck sets, and 
meat inspection are possible contamination points for pluck sets, since they include 
handling of contamination sources (tonsils and intestines) and pluck sets, enabling cross-
contamination.  
All the enteropathogenic Yersinia-positive carcasses originated from farms, on which 
the prevalence of pathogenic Y. enterocolitica 4/O:3 and Y. pseudotuberculosis O:3 were 
high (III, IV). In addition, the prevalence of Y. enterocolitica-positive pigs and carcasses 
was higher in conventional than organic and Y. pseudotuberculosis in organic than in 
conventional production, suggesting that the high prevalence of enteropathogenic Yersinia 
in pigs predisposes to carcass contamination at the slaughterhouse. Therefore, reduction of 
enteropathogenic Yersinia on  farms  could  decrease  the  contamination  level  of  the  
carcasses at the slaughterhouse. 
6.4 Use of bagging of the rectum as an intervention at the 
slaughterhouse (V) 
The effects of bagging the rectum on carcass contamination with pathogenic Y. 
enterocolitica and pathogenic Y. pseudotuberculosis were estimated for the first time, 
using Bayesian inference with a hidden variable model, in which the observed prevalence 
of enteropathogenic Yersinia on  different  sample  types  is  dependent  on  the  true  
prevalence, slaughterhouse environment, and bagging intervention. The model showed 
that bagging the rectum significantly reduces contamination of carcasses with 
enteropathogenic Yersinia. Previous studies performed on Y. enterocolitica in Denmark, 
Sweden, and Norway support the finding that bagging reduces the contamination of 
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carcasses; in Andersen (1988) the prevalence in different parts of the carcass decreased 
from 7–12% without bagging to 1–2% with bagging (16). At the same time, the 
occurrence of Y. enterocolitica-positive pigs sampled from the rectal content decreased 
from 26% to 19%. Nesbakken et al. (1994) reported that the prevalence of Y. 
enterocolitica on carcasses was reduced from 2–8% to 0% in Norway and 2–7% to 0–2% 
in Sweden (295). The prevalence of Y. enterocolitica in tonsils or feces was not recorded 
in the study. Although the bagging effect was significant, prevalences after bagging 
remain relatively high, from 3% to 14%, in different sample types. The higher prevalence 
after bagging in the present study compared with previous studies may be due to the larger 
sampling surface area on each carcass. In previous studies, sampling of carcasses has been 
restricted to areas 10 cm x 10 cm and usually split surfaces or skin were sampled, whereas 
in our study the surface of almost the entire carcass with head (pelvic, abdominal, and 
thoracic cavities, skin from the rectal circumcision to the level of the diaphragm and from 
the cut surfaces, neck, and split surface of the head, except the oral cavity, from both 
carcass halves) was sampled. The tonsils are a likely contamination source in the head 
area of the carcass, resulting in a high prevalence, particularly in chest and head samples, 
both with and without bagging of the rectum. Unlike in pathogenic Y. enterocolitica, 
bagging did not significantly affect the prevalence of pathogenic Y. pseudotuberculosis in 
carcass samples, although the prevalence observed was slightly lower with bagging than 
without. The lack of significance was most likely due to the low observed prevalence of 
pathogenic Y. pseudotuberculosis in this study. While bagging of the rectum is useful in 
reducing carcass contamination with pathogenic Y. enterocolitica, alone it is insufficient to 
completely prevent the transmission of pathogenic Y. enterocolitica from  pigs  to  
carcasses. High contamination rates of enteropathogenic Yersinia, pathogenic Y. 
enterocolitica in particular, may remain in the head and thorax area of the carcass. 
Pathogenic Y. enterocolitica was isolated from the slaughterhouse environment both 
with and without bagging, suggesting that bagging does not completely prevent the spread 
of pathogenic Y. enterocolitica to the slaughterhouse environment, although the 
prevalence was slightly lower when bagging was used. However, the prevalence of 
pathogenic Y. enterocolitica in the environment was low both with and without bagging. 
Pathogenic Y. pseudotuberculosis was not isolated from the slaughterhouse environment, 
possibly due to the low prevalence of the pathogen in pigs. 
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7 Conclusions 
1. Cold enrichment is the most efficient method for the isolation of enteropathogenic 
Yersinia from porcine samples. No single isolation step detects all enteropathogenic 
Yersinia-positive samples, indicating that more than one enrichment step should be 
used. Since none of the isolation methods detect all enteropathogenic Yersinia and all 
isolation mehtods produce high numbers of false positive isolations, better isolation 
methods need to be developed. 
 
2. Farm  factors,  such  as  production  capacity  and  type,  can  affect  the  prevalence  of  
enteropathogenic Yersinia on farms. Since the prevalence of pathogenic Y. 
enterocolitica and Y. pseudotuberculosis varies among farms, within-farm factors can 
affect how enteropathogenic Yersinia spreads in pigs on farms. In statistical studies, 
factors affecting Y. pseudotuberculosis included organic production, contacts with pest 
animals, and the outside environment, whereas the high prevalence of pathogenic Y. 
enterocolitica correlated with high production capacity and conventional production. 
The reservoirs and transmission routes of pathogenic Y. enterocolitica and Y. 
pseudotuberculosis appear to be different on pig farms, and this difference needs to be 
addressed if interventions on pig farms are considered. Additionally, further 
information on the factors affecting the prevalence of enteropathogenic Yersinia on pig 
farms is needed before interventions on at the farm level can be used. 
 
3. Since the same genotypes of pathogenic Y. enterocolitica and Y. pseudotuberculosis 
can be isolated from pigs and their subsequent pluck sets and carcasses, the main 
contamination source of pluck sets and carcasses at the slaughterhouse is pigs that 
carry enteropathogenic Yersinia from farms to the slaughterhouse. However, since 
nonrelated genotypes could also be isolated from carcasses and pluck sets, the 
slaughterhouse environment and tools can also contaminate carcasses and pluck sets. 
The high prevalence of enteropathogenic Yersinia results in high contamination rates 
of pluck sets and carcasses. Therefore interventions at the farm level can decrease the 
transmission of Yersinia from pigs to pluck sets and carcasses. 
 
4. The effect of bagging of the rectum was studied by sampling tonsils, intestinal content, 
and carcasses with and without bagging of the rectum and constructing a Bayesian 
hidden variable model. The model showed that bagging of the rectum significantly 
reduced contamination of the carcasses with pathogenic Y. enterocolitica at the 
slaughterhouse, but not with pathogenic Y. pseudotuberculosis, most likely due to the 
low observed prevalence of pathogenic Y. pseudotuberculosis in this study. While 
bagging of the rectum is useful in reducing carcass contamination with pathogenic Y. 
enterocolitica, alone it is insufficient to completely prevent the transmission of 
enteropathogenic Yersinia from pigs to carcasses. High contamination rates of 
enteropathogenic Yersinia, pathogenic Y. enterocolitica in particular, may remain in 
the head and thorax area of the carcass. Most of the positive carcass samples were 
head and chest swabs, indicating that tonsils may be the contamination source. 
 
 
 
 
60
8 References 
1. Anonymous 2003. Validation of 
publication of new names and new 
combinations previously effectively 
published outside the IJSEM Int. J. Syst. 
Evol. Microbiol. 53:627–628.  
2. Aarts, H. J., R. G. Joosten, M. H. 
Henkens, H. Stegeman, and A. H. van 
Hoek. 2001. Rapid duplex PCR assay for the 
detection of pathogenic Yersinia 
enterocolitica strains. J. Microbiol. Methods. 
47:209–217.  
3. Abe, J., T. Takeda, Y. Watanabe, H. 
Nakao, N. Kobayashi, D. Y. Leung, and T. 
Kohsaka. 1993. Evidence for superantigen 
production by Yersinia pseudotuberculosis. 
J. Immunol. 151:4183–4188.  
4. Achtman, M., K. Zurth, G. Morelli, G. 
Torrea, A. Guiyoule, and E. Carniel. 1999. 
Yersinia pestis, the cause of plague, is a 
recently emerged clone of Yersinia 
pseudotuberculosis. Proc. Natl. Acad. Sci. U. 
S. A. 96:14043–14048.  
5. Ackers, M. L., S. Schoenfeld, J. 
Markman, M. G. Smith, M. A. Nicholson, 
W. DeWitt, D. N. Cameron, P. M. Griffin, 
and L. Slutsker. 2000. An outbreak of 
Yersinia enterocolitica O:8 infections 
associated with pasteurized milk. J. Infect. 
Dis. 181:1834–1837.  
6. Aldová, E., A. Brezinova, and J. 
Sobotkova. 1979. A finding of Yersinia 
pseudotuberculosis in well water. Zentralbl. 
Bakteriol. B. 169:265–270.  
7. Aldová, E., J. ?erný, and J. Chmela. 
1977. Findings of Yersinia in rats and sewer 
rats. Zentralbl. Bakteriol. Orig A. 239:208–
212.  
8. Aldová, E., and D. Lim. 1974. Yersinia 
enterocolitica in small rodents. 1. Pilot study 
in two wildlife areas. Zentralbl. Bakteriol. 
Orig A. 226:491–496.  
9. Aldová, E., B. Skorkovský, J. Kapinus, 
M. Pejhovská, and G. Soukupová. 1980. 
On the ecology of Yersinia enterocolitica 
O3. Yersinia in synanthropic animals. 
Zentralbl. Bakteriol. A. 246:344–352.  
10. Aldová, E., and E. Švandová. 1984. 
Yersinia enterocolitica O3 findings on 
porcine tongues in comparison with 
yersiniosis incidence in man in 
Czechoslovakia. J. Hyg. Epidemiol. 
Microbiol. Immunol. 28:319–329.  
11. Aleksic, S. 1995. Occurrence of Y. 
enterocolitica antigens O:3, O:9 and O:8 in 
different Yersinia species, their 
corresponding H antigens and origin. 
Contrib. Microbiol. Immunol. 13:89–92.  
12. Aleksi?, S., and J. Bockemühl. 1988. 
Serological and biochemical characteristics 
of 416 Yersinia strains from well water and 
drinking water plants in the Federal Republic 
of Germany: lack of evidence that these 
strains are of public health importance. 
Zentralbl. Bakteriol. Mikrobiol. Hyg. B. 
185:527–533.  
13. Aleksi?, S., J. Bockemühl, and H. H. 
Wuthe. 1995. Epidemiology of Y. 
pseudotuberculosis in Germany, 1983–1993. 
Contrib. Microbiol. Immunol. 13:55–58.  
14. Aleksi?, S., G. Suchan, J. Bockemühl, 
and V. Aleksi?. 1991. An extended antigenic 
scheme for Yersinia pseudotuberculosis. 
Contrib. Microbiol. Immunol. 12:235–238.  
15. Alsterlund, R., M. L. Danielsson-
Tham, G. Karp, T. Eden, B. De Jong, P. 
O. Nilsson, and U. Ransjo. 1995. [An 
outbreak of Yersinia enterocolitica infection 
on the Bjäre peninsula. Indications for risks 
of refrigerated food]. Läkartidningen. 
92:1213–1214.  
16. Andersen, J. K. 1988. Contamination of 
freshly slaughtered pig carcasses with human 
 
 
 
 
61
pathogenic Yersinia enterocolitica. Int. J. 
Food Microbiol. 7:193–202.  
17. Andersen, J. K., R. Sorensen, and M. 
Glensbjerg. 1991. Aspects of the 
epidemiology of Yersinia enterocolitica: a 
review. Int. J. Food Microbiol. 13:231–237.  
18. Anonymous. 1991. Council regulation 
(EEC) No 2092/91 on organic production of 
agricultural products and indications 
referring thereto on agricultural products and 
foodstuffs. Off. J. Eur. Comm. L 198:1–15.  
19. Anonymous. 1999. Yersiniosis – Russia 
(Kemorovo). Promed-mail 5 April 1999. 
Accession no 19990405.0551. 
http://www.promedmail.org. November 4th, 
2009.  
20. Anonymous. 2005. Notifiable and other 
diseases in New Zealand – annual report 
2004. 1–63. 
http://www.surv.esr.cri.nz/PDF_surveillance/
AnnualRpt/AnnualSurv/2004AnnualSurvRpt
.pdf.  
21. Anonymous. 2005. Yersiniosis – Russia 
(Far East). Promed-mail 2 February 2005. 
Accession no 20050202.0359. 
http://www.promedmail.org. November 4th, 
2009.  
22. Anonymous. 2005. Yersiniosis – Russia 
(Siberia). Promed-mail 27 April 2005. 
Accession no 20050427.1169. 
http://www.promedmail.org. November 4th, 
2009.  
23. Anonymous. 2006. Notifiable and other 
diseases in New Zealand – annual report 
2005. 1–56. 
http://www.surv.esr.cri.nz/PDF_surveillance/
AnnualRpt/AnnualSurv/2005AnnSurvRpt.pd
f.  
24. Anonymous. 2007. Notifiable and other 
diseases in New Zealand – annual report 
2006. 1–60. 
http://www.surv.esr.cri.nz/PDF_surveillance/
AnnualRpt/AnnualSurv/2006AnnualSurvRpt
.pdf.  
25. Anonymous. 2007. Yersiniosis – Russia 
(Yamalo-Nenetsky). Promed-mail 1 October 
2007. Accession no 20071001.3240. 
http://www.promedmail.org. November 4th, 
2009.  
26. Anonymous. 2008. Notifiable and other 
diseases in New Zealand – annual report 
2007. 1–60. 
http://www.surv.esr.cri.nz/PDF_surveillance/
AnnualRpt/AnnualSurv/2007AnnualSurvRpt
.pdf.  
27. Anonymous. 2008. Yersiniosis – Russia 
(Krasnoyarsk). Promed-mail 18 July 2008, 
accession no 20080718.2184. 
http://www.promedmail.org. November 4th, 
2009.  
28. Anonymous. 2009. Notifiable and other 
diseases in New Zealand – annual 
surveillance report 2008. 1–59. 
http://www.surv.esr.cri.nz/PDF_surveillance/
AnnualRpt/AnnualSurv/2008AnnualSurvRpt
.pdf.  
29. Antinori, A., M. G. Paglia, P. Marconi, 
A. Festa, L. Alba, E. Boumis, L. P. Pucillo, 
and P. Visca. 2004. Short Communication: 
Yersinia pseudotuberculosis septicemia in an 
HIV-infected patient failed HAART. AIDS 
Res. Hum. Retroviruses. 20:709–710.  
30. Asakawa, Y., S. Akahane, N. Kagata, 
M. Noguchi, and R. Sakazaki. 1973. Two 
community outbreaks of human infection 
with Yersinia enterocolitica. J. Hyg. (Lond). 
71:715–723.  
31. Asplund, K., V. Tuovinen, P. 
Veijalainen, and J. Hirn. 1990. The 
prevalence of Yersinia enterocolitica 0:3 in 
Finnish pigs and pork. Acta. Vet. Scand. 
31:39–43.  
32. Atanassova, V., J. Hugenberg, and C. 
Ring. 2003. Detection of Yersinia 
enterocolitica in slaughter pigs. Adv. Exp. 
Med. Biol. 529:325–327.  
33. Aulisio, C. C., I. J. Mehlman, and A. 
C. Sanders. 1980. Alkali method for rapid 
 
 
 
 
62
recovery of Yersinia enterocolitica and 
Yersinia pseudotuberculosis from foods. 
Appl. Environ. Microbiol. 39:135–140.  
34. Babic-Erceg, A., Z. Klismanic, M. 
Erceg, D. Tandara, and M. Smoljanovic. 
2003. An outbreak of Yersinia enterocolitica 
O:3 infections on an oil tanker. Eur. J. 
Epidemiol. 18:1159–1161.  
35. Benavides, S., K. Nicol, K. Koranyi, 
and M. C. Nahata. 2003. Yersinia septic 
shock following an autologous transfusion in 
a pediatric patient. Transfus. Apher. Sci. 
28:19–23.  
36. Bercovier. 1984. A new isolation 
medium for the revovery of Yersinia 
enterocolitica from environmental sources. 
Curr. Microbiol. 10:121.  
37. Bercovier, H., J. Brault, N. Barré, M. 
Treignier, J. Alonso, and H. Mollaret. 
1978. Biochemical, serological, and phage 
typing characteristics of 459 Yersinia strains 
isolated from a terrestrial ecosystem. Curr. 
Microbiol. 1:353–357.  
38. Bercovier, H., D. J. Brenner, J. Ursing, 
A. G. Stegerwalt, G. R. Fanning, J. M. 
Alonso, G. P. Carter, and H. H. Mollaret. 
1980. Characterization of Yersinia 
enterocolitica sensu stricto. Curr. Microbiol. 
4:201–206.  
39. Bercovier, H., H. Mollaret, J. Alonso, 
J. Brault, G. Fanning, A. Steigerwalt, and 
D. Brenner. 1980. Intra- and interspecies 
relatedness of Yersinia pestis by DNA 
hybridization and its relationship to Yersinia 
pseudotuberculosis. Curr. Microbiol. 4:225–
229.  
40. Bhaduri, S. 2005. Survival, injury, and 
virulence of freeze-stressed plasmid-bearing 
virulent Yersinia enterocolitica in ground 
pork. Foodborne Pathog. Dis. 2:353–356.  
41. Bhaduri, S. 2006. Enrichment, isolation, 
and virulence of freeze-stressed plasmid-
bearing virulent strains of Yersinia 
enterocolitica on pork. J. Food Prot. 
69:1983–1985.  
42. Bhaduri, S., B. Cottrell, and A. R. 
Pickard. 1997. Use of a single procedure for 
selective enrichment, isolation, and 
identification of plasmid-bearing virulent 
Yersinia enterocolitica of various serotypes 
from pork samples. Appl. Environ. 
Microbiol. 63:1657–1660.  
43. Bhaduri, S., and I. Wesley. 2006. 
Isolation and characterization of Yersinia 
enterocolitica from swine feces recovered 
during the National Animal Health 
Monitoring System Swine 2000 study. J. 
Food Prot. 69:2107–2112.  
44. Bhaduri, S., I. V. Wesley, and E. J. 
Bush. 2005. Prevalence of pathogenic 
Yersinia enterocolitica strains in pigs in the 
United States. Appl. Environ. Microbiol. 
71:7117–7121.  
45. Bissett, M. L., C. Powers, S. L. Abbott, 
and J. M. Janda. 1990. Epidemiologic 
investigations of Yersinia enterocolitica and 
related species: sources, frequency, and 
serogroup distribution. J. Clin. Microbiol. 
28:910–912.  
46. Black, R. E., R. J. Jackson, T. Tsai, M. 
Medvesky, M. Shayegani, J. C. Feeley, K. 
I. MacLeod, and A. M. Wakelee. 1978. 
Epidemic Yersinia enterocolitica infection 
due to contaminated chocolate milk. N. Engl. 
J. Med. 298:76–79.  
47. Blixt, Y., R. Knutsson, E. Borch, and 
P. Radstrom. 2003. Interlaboratory random 
amplified polymorphic DNA typing of 
Yersinia enterocolitica and Y. enterocolitica-
like bacteria. Int. J. Food Microbiol. 83:15–
26.  
48. Blumberg, H. M., J. A. Kiehlbauch, 
and I. K. Wachsmuth. 1991. Molecular 
epidemiology of Yersinia enterocolitica O:3 
infections: use of chromosomal DNA 
restriction fragment length polymorphisms of 
rRNA genes. J. Clin. Microbiol. 29:2368–
2374.  
 
 
 
 
63
49. Bogdanovich, T., E. Carniel, H. 
Fukushima, and M. Skurnik. 2003. Use of 
O-antigen gene cluster-specific PCRs for the 
identification and O-genotyping of Yersinia 
pseudotuberculosis and Yersinia pestis. J. 
Clin. Microbiol. 41:5103–5112.  
50. Bonardi, S., F. Brindani, G. Pizzin, L. 
Lucidi, M. D'Incau, E. Liebana, and S. 
Morabito. 2003. Detection of Salmonella 
spp., Yersinia enterocolitica and 
verocytotoxin-producing Escherichia coli 
O157 in pigs at slaughter in Italy. Int. J. Food 
Microbiol. 85:101–110.  
51. Boqvist, S., H. Pettersson, A. Svensson, 
and Y. Andersson. 2009. Sources of 
sporadic Yersinia enterocolitica infection in 
children in Sweden, 2004: a case-control 
study. Epidemiol. Infect. 137:897–905.  
52. Borch, E., T. Nesbakken, and H. 
Christensen. 1996. Hazard identification in 
swine slaughter with respect to foodborne 
bacteria. Int. J. Food Microbiol. 30:9–25.  
53. Borie, C. F., M. A. Jara, M. L. 
Sanchez, B. San Martin, C. Arellano, J. 
Martinez, and V. Prado. 1997. Isolation 
and characterization of Yersinia 
enterocolitica from pigs and bovines in 
Chile. Zentralbl. Veterinarmed. B. 44:347–
354.  
54. Bosi, E., P. Madie, and C. R. Wilks. 
1994. Growth of Yersinia pseudotuberculosis 
on selective media. N. Z. Vet. J. 42:35.  
55. Bottone, E. J. 1997. Yersinia 
enterocolitica: the charisma continues. Clin. 
Microbiol. Rev. 10:257–276.  
56. Bottone, E. J. 1999. Yersinia 
enterocolitica: overview and epidemiologic 
correlates. Microbes Infect. 1:323–333.  
57. Bottone, E. J., H. Bercovier, and H. H. 
Mollaret. 2005. Genus XLI. Yersinia, p. 
838–848. In G. M. Garrity, D. J. Brenner, N. 
R. Krieg, and J. T. Staley (eds.), Bergey's 
Manual of Systematic Bacteriology, 2nd ed., 
vol. 2 The Proteobacteria Part B The 
Gammaproteobacteria. Springer, New York, 
USA.  
58. Botzler, R. G. 1987. Isolation of 
Yersinia enterocolitica and Y. frederiksenii 
from forest soil, Federal Republic of 
Germany. J. Wildl. Dis. 23:311–313.  
59. Botzler, R. G., F. T. Wetzler, and A. B. 
Cowan. 1968. Yersinia enterocolitica and 
Yersinia-like organisms isolated from frogs 
and snails. Bull. Wildlife Disease Assoc. 
4:110–115.  
60. Botzler, R. G., F. T. Wetzler, A. B. 
Cowan, and T. J. Quan. 1976. Yersiniae in 
pond water and snails. J. Wildl. Dis. 12:492–
496.  
61. Botzler, R. 1979. Yersiniae in the soil of 
an infected wapiti range. J. Wildl. Dis. 
15:529–532.  
62. Bowman, A. S., C. Glendening, T. E. 
Wittum, J. T. LeJeune, R. W. Stich, and J. 
A. Funk. 2007. Prevalence of Yersinia 
enterocolitica in different phases of 
production on swine farms. J. Food Prot. 
70:11–16.  
63. Brennhovd, O., G. Kapperud, and G. 
Langeland. 1992. Survey of thermotolerant 
Campylobacter spp. and Yersinia spp. in 
three surface water sources in Norway. Int. J. 
Food Microbiol. 15:327–338.  
64. Brubaker, R. R. 1991. Factors 
promoting acute and chronic diseases caused 
by yersiniae Clin. Microbiol. Rev. 4:309–
324.  
65. Bucher, M., C. Meyer, B. Grotzbach, 
S. Wacheck, A. Stolle, and M. 
Fredriksson-Ahomaa. 2008. 
Epidemiological data on pathogenic Yersinia 
enterocolitica in Southern Germany during 
2000–2006. Foodborne Pathog. Dis. 5:273–
280.  
66. Buchrieser, C., R. Brosch, S. Bach, A. 
Guiyoule, and E. Carniel. 1998. The high-
 
 
 
 
64
pathogenicity island of Yersinia 
pseudotuberculosis can be inserted into any 
of the three chromosomal asn tRNA genes. 
Mol. Microbiol. 30:965–978.  
67. Buchrieser, C., S. D. Weagant, and C. 
W. Kaspar. 1994. Molecular 
characterization of Yersinia enterocolitica by 
pulsed-field gel electrophoresis and 
hybridization of DNA fragments to ail and 
pYV probes. Appl. Environ. Microbiol. 
60:4371–4379.  
68. Buhles, W. C.,Jr, J. E. Vanderlip, S. 
W. Russell, and N. L. Alexander. 1981. 
Yersinia pseudotuberculosis infection: study 
of an epizootic in squirrel monkeys. J. Clin. 
Microbiol. 13:519–525.  
69. Butt, H. L., D. L. Gordon, T. Lee-
Archer, A. Moritz, and W. H. Merrell. 
1991. Relationship between clinical and milk 
isolates of Yersinia enterocolitica. 
Pathology. 23:153–157.  
70. Buzoleva, L. S., and G. P. Somov. 
2003. Adaptation variability of Yersinia 
pseudotuberculosis during long-term 
persistence in soil. Bull. Exp. Biol. Med. 
135:456–459.  
71. Buzoleva, L. S., and V. E. Terekhova. 
2002. Survivorship of different strains of the 
bacteria Listeria monocytogenesis and 
Yersinia pseudotuberculosis in sea and river 
water. Russ. J. Mar. Biol. 28:259–262.  
72. Carniel, E. 2002. Plasmids and 
pathogenicity islands of Yersinia. Curr. Top. 
Microbiol. Immunol. 264:89–108.  
73. CDC. 2006. Foodnet surveillance report 
for 2004 (final report). 1–33.  
74. CDC. 2006. Preliminary FoodNet data 
on the incidence of infection with pathogens 
transmitted commonly through food--10 
States, United States, 2005. MMWR Morb. 
Mortal. Wkly. Rep. 55:392–395.  
75. CDC. 2007. Preliminary FoodNet data 
on the incidence of infection with pathogens 
transmitted commonly through food--10 
states, 2006. MMWR Morb. Mortal. Wkly. 
Rep. 56:336–339.  
76. CDC. 2008. Preliminary FoodNet data 
on the incidence of infection with pathogens 
transmitted commonly through food--10 
states, 2007. MMWR Morb. Mortal. Wkly. 
Rep. 57:366–370.  
77. CDC. 2009. Annual listing of foodborne 
disease outbreaks, United States – Outbreak 
Surveillance Data | CDC OutbreakNet. 
http://www.cdc.gov/foodborneoutbreaks/out
break_data.htm#top. July 15th, 2009.  
78. CDC. 2009. Preliminary FoodNet Data 
on the incidence of infection with pathogens 
transmitted commonly through food--10 
States, 2008. MMWR Morb. Mortal. Wkly. 
Rep. 58:333–337.  
79. Chao, W. L., R. J. Ding, and R. S. 
Chen. 1988. Survival of Yersinia 
enterocolitica in the environment. Can. J. 
Microbiol. 34:753–756.  
80. Cheyne, B. M., M. I. Van Dyke, W. B. 
Anderson, and P. M. Huck. 2009. An 
evaluation of methods for the isolation of 
Yersinia enterocolitica from surface waters 
in the Grand River watershed. J. Water. 
Health. 7:392–403.  
81. Chiesa, C., L. Pacifico, F. Nanni, A. M. 
Renzi, and G. Ravagnan. 1993. Yersinia 
pseudotuberculosis in Italy. Attempted 
recovery from 37,666 samples. Microbiol. 
Immunol. 37:391–394.  
82. Christensen, H., and H. Lüthje. 1994. 
Reduced spread of pathogens as a result of 
changed pluck removal technique, p. S-
III.06. In Proceedings of the 40th 
International Congress of Meat Science and 
Technology.  
83. Christensen, S. G. 1980. Yersinia 
enterocolitica in Danish pigs. J. Appl. 
Bacteriol. 48:377–382.  
 
 
 
 
65
84. Christensen, S. G. 1987. The Yersinia 
enterocolitica situation in Denmark. Contrib. 
Microbiol. Immunol. 9:93–97.  
85. Constantiniu, S. 1990. Isolation of 
Yersinia group in human infections, animals 
and environment factors. Arch. Roum. 
Pathol. Exp. Microbiol. 49:131–137.  
86. Cork, S. C., R. B. Marshall, P. Madie, 
and S. G. Fenwick. 1995. The role of wild 
birds and the environment in the 
epidemiology of Yersiniae in New Zealand. 
N. Z. Vet. J. 43:169–174.  
87. Cornelis, G. R. 2002. The Yersinia Ysc-
Yop 'type III' weaponry. Nat. Rev. Mol. Cell 
Biol. 3:742–752.  
88. de Benito, I., M. E. Cano, J. Aguero, 
and J. M. Garcia Lobo. 2004. A 
polymorphic tandem repeat potentially useful 
for typing in the chromosome of Yersinia 
enterocolitica. Microbiology. 150:199–204.  
89. de Boer, E. 1992. Isolation of Yersinia 
enterocolitica from foods. Int. J. Food 
Microbiol. 17:75–84.  
90. de Boer, E., and J. F. Nouws. 1991. 
Slaughter pigs and pork as a source of human 
pathogenic Yersinia enterocolitica. Int. J. 
Food Microbiol. 12:375–378.  
91. de Boer, E., and W. M. Seldam. 1987. 
Comparison of methods for the isolation of 
Yersinia enterocolitica from porcine tonsils 
and pork. Int. J. Food Microbiol. 5:95–101.  
92. de Boer, E., W. M. Seldam, and J. 
Oosterom. 1986. Characterization of 
Yersinia enterocolitica and related species 
isolated from foods and porcine tonsils in the 
Netherlands. Int. J. Food Microbiol. 3:217–
224.  
93. De Giusti, M., E. De Vito, A. Serra, B. 
Quattrucci, A. Boccia, L. Pacifico, A. 
Ranucci, G. Ravagnan, and C. Chiesa. 
1995. Occurrence of pathogenic Yersinia 
enterocolitica in slaughtered pigs and pork 
products. Contrib. Microbiol. Immunol. 
13:126–129.  
94. De Zutter, L., M. Janssens, and G. 
Wauters. 1995. Detection of Yersinia 
enterocolitica serogroup O:3 using different 
inoculation methods of the enrichment 
medium iragasan ticarcillin chlorate. Contrib. 
Microbiol. Immunol. 13:123–125.  
95. De Zutter, L., L. Le Mort, M. 
Janssens, and G. Wauters. 1994. Short-
comings of irgasan ticarcillin chlorate broth 
for the enrichment of Yersinia enterocolitica 
biotype 2, serotype 9 from meat. Int. J. Food 
Microbiol. 23:231–237.  
96. Delor, I., and G. R. Cornelis. 1992. 
Role of Yersinia enterocolitica Yst toxin in 
experimental infection of young rabbits. 
Infect. Immun. 60:4269–4277.  
97. Delor, I., A. Kaeckenbeeck, G. 
Wauters, and G. R. Cornelis. 1990. 
Nucleotide sequence of yst, the Yersinia 
enterocolitica gene encoding the heat-stable 
enterotoxin, and prevalence of the gene 
among pathogenic and nonpathogenic 
yersiniae. Infect. Immun. 58:2983–2988.  
98. Doyle, M. P., and M. B. Hugdahl. 1983. 
Improved procedure for recovery of Yersinia 
enterocolitica from meats. Appl. Environ. 
Microbiol. 45:127–135.  
99. Doyle, M. P., M. B. Hugdahl, and S. L. 
Taylor. 1981. Isolation of virulent Yersinia 
enterocolitica from porcine tongues. Appl. 
Environ. Microbiol. 42:661–666.  
100. EFSA. 2005. The community summary 
report on trends and sources of zoonoses, 
zoonotic agents, antimicrobial resistance and 
foodborne outbreaks in the European Union 
in 2004. The EFSA Journal310:155–162.  
101. EFSA. 2006. The community summary 
report on trends and sources of zoonoses, 
zoonotic agents, antimicrobial resistance and 
foodborne outbreaks in the European Union 
in 2005. The EFSA Journal94:159–288.  
 
 
 
 
66
102. EFSA. 2007. The community summary 
report on trends and sources of zoonoses, 
zoonotic agents, antimicrobial resistance and 
foodborne outbreaks in the European Union 
in 2006. 130:189–196.  
103. EFSA. 2009. The community summary 
report on trends and sources of zoonoses and 
zoonotic agents in the European Union in 
2007. The EFSA Journal223:223–226.  
104. EFSA. 2009. Technical specifications 
for harmonised national surveys on Yersinia 
enterocolitica in slaughter pigs on request of 
EFSA. EFSA Journal. 7:1–23.  
105. EFSA. 2010. The community summary 
report on trends and sources of zoonoses, 
zoonotic agents and foodborne outbreaks in 
the European Union in 2008. The EFSA 
Journal1496:205–208.  
106. EFSA, and ECDC. 2009. The 
community summary report on food-borne 
outbreaks in the European Union in 2007. 
The EFSA Journa271:16–47.  
107. Eiss, J. 1975. Selective culturing of 
Yersinia enterocolitica at a low temperature. 
Scand. J. Infect. Dis. 7:249–251.  
108. El Tahir, Y., and M. Skurnik. 2001. 
YadA, the multifaceted Yersinia adhesin. Int. 
J. Med. Microbiol. 291:209–218.  
109. EpiNorth. 2009. EpiNorth – A Co-
operation project for communicable disease 
control in Northern Europe. Epidemiological 
data, Yersiniosis. 
http://www.epinorth.org/eway/default.aspx?p
id=230&trg=Area_5279&MainArea_5260=5
279:0:15,2937:1:0:0:::0:0&Area_5279=5291
:44530::1:5290:1:::0:0&diseaseid=45. July 
22nd, 2009.  
110. Eppinger, M., M. J. Rosovitz, W. F. 
Fricke, D. A. Rasko, G. Kokorina, C. 
Fayolle, L. E. Lindler, E. Carniel, and J. 
Ravel. 2007. The complete genome 
sequence of Yersinia pseudotuberculosis 
IP31758, the causative agent of Far East 
scarlet-like fever. PLoS Genet. 3:e142.  
111. Euzéby, J. P. 1997. List of bacterial 
names with standing in nomenclature: a 
folder available on the internet. (list of 
prokaryotic names with standing in 
nomenclature. Last full update October 8th, 
2009. URL: 
http://www.bacterio.cict.fr/index.html) 
Int. J. Syst. Bacteriol. 47:590–592.  
112. Ewing, W. H., A. J. Ross, D. J. 
Brenner, and G. R. Fanning. 1978. 
Yersinia ruckeri sp. nov., the Redmouth 
(RM) Bacterium. Int. J. Syst. Bacteriol. 
28:37–44.  
113. Falcão, D. P., W. H. Ewing, and V. R. 
Dowell Jr. 1979. Cultural characteristics of 
Yersinia enterocolitica and Yersinia 
pseudotuberculosis on differential media. 
Contrib. Microbiol. Immunol. 5:88–94.  
114. Falcão, J. P., M. Brocchi, J. L. 
Proenca-Modena, G. O. Acrani, E. F. 
Correa, and D. P. Falcão. 2004. Virulence 
characteristics and epidemiology of Yersinia 
enterocolitica and Yersiniae other than Y. 
pseudotuberculosis and Y. pestis isolated 
from water and sewage. J. Appl. Microbiol. 
96:1230–1236.  
115. Falcão, J. P., D. P. Falcão, A. 
Pitondo-Silva, A. C. Malaspina, and M. 
Brocchi. 2006. Molecular typing and 
virulence markers of Yersinia enterocolitica 
strains from human, animal and food origins 
isolated between 1968 and 2000 in Brazil. J. 
Med. Microbiol. 55:1539–1548.  
116. Fantasia, M., M. Grazia Mingrone, D. 
Crotti, and C. Boscato. 1985. Isolation of 
Yersinia enterocolitica biotype 4 serotype 
O3 from canine sources in Italy. J. Clin. 
Microbiol. 22:314–315.  
117. Fantasia, M., M. G. Mingrone, A. 
Martini, U. Boscato, and D. Crotti. 1993. 
Characterisation of Yersinia species isolated 
from a kennel and from cattle and pig farms. 
Vet. Rec. 132:532–534.  
118. Farzan, A., R. M. Friendship, A. 
Cook and F. Pollari. 2009. Occurrence of 
 
 
 
 
67
Salmonella, Campylobacter, Yersinia 
enterocolitica, Escherichia coli O157 and 
Listeria monocytogenes in Swine. Zoonoses 
Public Health. Ahead of print. 
10.1111/j.1863-2378.2009.01248.x.  
119. Favier, G. I., M. E. Escudero, and A. 
M. de Guzman. 2005. Genotypic and 
phenotypic characteristics of Yersinia 
enterocolitica isolated from the surface of 
chicken eggshells obtained in Argentina. J. 
Food Prot. 68:1812–1815.  
120. Fearnley, C., S. L. On, B. Kokotovic, 
G. Manning, T. Cheasty, and D. G. 
Newell. 2005. Application of fluorescent 
amplified fragment length polymorphism for 
comparison of human and animal isolates of 
Yersinia enterocolitica. Appl. Environ. 
Microbiol. 71:4960–4965.  
121. Feder, I., J. C. Nietfeld, J. Galland, T. 
Yeary, J. M. Sargeant, R. Oberst, M. L. 
Tamplin, and J. B. Luchansky. 2001. 
Comparison of cultivation and PCR-
hybridization for detection of Salmonella in 
porcine fecal and water samples. J. Clin. 
Microbiol. 39:2477–2484.  
122. Fransen, N. G., A. M. van den Elzen, 
B. A. Urlings, and P. G. Bijker. 1996. 
Pathogenic micro-organisms in 
slaughterhouse sludge--a survey. Int. J. Food 
Microbiol. 33:245–256.  
123. Fredriksson-Ahomaa, M., T. Autio, 
and H. Korkeala. 1999. Efficient subtyping 
of Yersinia enterocolitica bioserotype 4/O:3 
with pulsed-field gel electrophoresis. Lett. 
Appl. Microbiol. 29:308–312.  
124. Fredriksson-Ahomaa, M., J. 
Björkroth, S. Hielm, and H. Korkeala. 
2000. Prevalence and characterization of 
pathogenic Yersinia enterocolitica in pig 
tonsils from different slaughterhouses. Food 
Microbiol. 17:93–101.  
125. Fredriksson-Ahomaa, M., M. Bucher, 
C. Hank, A. Stolle, and H. Korkeala. 2001. 
High prevalence of Yersinia enterocolitica 
4:O3 on pig offal in southern Germany: a 
slaughtering technique problem. Syst. Appl. 
Microbiol. 24:457–463.  
126. Fredriksson-Ahomaa, M., S. 
Hallanvuo, T. Korte, A. Siitonen, and H. 
Korkeala. 2001. Correspondence of 
genotypes of sporadic Yersinia enterocolitica 
bioserotype 4/O:3 strains from human and 
porcine sources. Epidemiol. Infect. 127:37–
47.  
127. Fredriksson-Ahomaa, M., B. 
Hartmann, S. Wacheck, and A. Stolle. 
2008. Evaluation of the ISO 10273 method 
for isolation of Yersinia enterocolitica 4/O:3 
in food samples. Archiv Für 
Lebensmittelhygiene. 59:99–102.  
128. Fredriksson-Ahomaa, M., S. Hielm, 
and H. Korkeala. 1999. High prevalence of 
yadA-positive Yersinia enterocolitica in pig 
tongues and minced meat at the retail level in 
Finland. J. Food Prot. 62:123–127.  
129. Fredriksson-Ahomaa, M., U. Koch, 
C. Klemm, M. Bucher, and A. Stolle. 2004. 
Different genotypes of Yersinia 
enterocolitica 4/O:3 strains widely 
distributed in butcher shops in the Munich 
area. Int. J. Food Microbiol. 95:89–94.  
130. Fredriksson-Ahomaa, M., and H. 
Korkeala. 2003. Low occurrence of 
pathogenic Yersinia enterocolitica in 
clinical, food, and environmental samples: a 
methodological problem. Clin. Microbiol. 
Rev. 16:220–229.  
131. Fredriksson-Ahomaa, M., T. Korte, 
and H. Korkeala. 2000. Contamination of 
carcasses, offals, and the environment with 
yadA-positive Yersinia enterocolitica in a pig 
slaughterhouse. J. Food Prot. 63:31–35.  
132. Fredriksson-Ahomaa, M., E. Pietilä, 
and H. Korkeala. 1999. [Pathogenic 
Yersinia enterocolitica and Yersinia 
pseudotuberculosis in dogs and cats in 
Helsinki area]. Suom. Eläinlääkäril. 58–65.  
133. Fredriksson-Ahomaa, M., A. Stolle, 
and H. Korkeala. 2006. Molecular 
 
 
 
 
68
epidemiology of Yersinia enterocolitica 
infections. FEMS Immunol. Med. Microbiol. 
47:315–329.  
134. Fredriksson-Ahomaa, M., A. Stolle, 
A. Siitonen, and H. Korkeala. 2006. 
Sporadic human Yersinia enterocolitica 
infections caused by bioserotype 4/O:3 
originate mainly from pigs. J. Med. 
Microbiol. 55:747–749.  
135. Fredriksson-Ahomaa, M., A. Stolle, 
and R. Stephan. 2007. Prevalence of 
pathogenic Yersinia enterocolitica in pigs 
slaughtered at a Swiss abattoir. Int. J. Food 
Microbiol. 119:207–212.  
136. Fredriksson-Ahomaa, M., S. 
Wacheck, M. Koenig, A. Stolle, and R. 
Stephan. 2009. Prevalence of pathogenic 
Yersinia enterocolitica and Yersinia 
pseudotuberculosis in wild boars in 
Switzerland. Int. J. Food Microbiol. .  
137. Fredriksson–Ahomaa, M., M. 
Gerhardt, and A. Stolle. 2009. High 
bacterial contamination of pig tonsils at 
slaughter. Meat Sci. 83:334–336.  
138. Fredriksson-Ahomaa, M., T. Naglic, 
N. Turk, B. Šeol, Ž. Grabarevi?, I. Bata, 
D. Perkovic, and A. Stolle. 2007. 
Yersiniosis in zoo marmosets (Callitrix 
jacchuss) caused by Yersinia enterocolitica 
4/O:3. Veterinary Microbiology. 121:363–
367.  
139. Fukushima, H. 1985. Direct isolation 
of Yersinia enterocolitica and Yersinia 
pseudotuberculosis from meat. Appl. 
Environ. Microbiol. 50:710–712.  
140. Fukushima, H. 1986. Yersinia 
enterocolitica serotype 03 in naturally 
infected raw pork. Nippon Juigaku Zasshi. 
48:183–187.  
141. Fukushima, H. 1987. New selective 
agar medium for isolation of virulent 
Yersinia enterocolitica. J. Clin. Microbiol. 
25:1068–1073.  
142. Fukushima, H. 1992. Direct isolation 
of Yersinia pseudotuberculosis from fresh 
water in Japan. Appl. Environ. Microbiol. 
58:2688–2690.  
143. Fukushima, H., and M. Gomyoda. 
1986. Growth of Yersinia pseudotuberculosis 
and Yersinia enterocolitica biotype 3B 
serotype O3 inhibited on cefsulodin-irgasan-
novobiocin agar. J. Clin. Microbiol. 24:116–
120.  
144. Fukushima, H., and M. Gomyoda. 
1986. Inhibition of Yersinia enterocolitica 
serotype O3 by natural microflora of pork. 
Appl. Environ. Microbiol. 51:990–994.  
145. Fukushima, H., and M. Gomyoda. 
1991. Intestinal carriage of Yersinia 
pseudotuberculosis by wild birds and 
mammals in Japan. Appl. Environ. 
Microbiol. 57:1152–1155.  
146. Fukushima, H., M. Gomyoda, and S. 
Aleksi?. 1998. Genetic variation of Yersinia 
enterocolitica serotype O:9 strains detected 
in samples from western and eastern 
countries. Zentralbl. Bakteriol. 288:167–174.  
147. Fukushima, H., M. Gomyoda, S. 
Aleksic, and M. Tsubokura. 1993. 
Differentiation of Yersinia enterocolitica 
serotype O:5,27 strains by phenotypic and 
molecular techniques. J. Clin. Microbiol. 
31:1672–1674.  
148. Fukushima, H., M. Gomyoda, N. 
Hashimoto, I. Takashima, F. N. Shubin, L. 
M. Isachikova, I. K. Paik, and X. B. 
Zheng. 1998. Putative origin of Yersinia 
pseudotuberculosis in western and eastern 
countries. A comparison of restriction 
endonuclease analysis of virulence plasmids. 
Zentralbl. Bakteriol. 288:93–102.  
149. Fukushima, H., M. Gomyoda, S. 
Ishikura, T. Nishio, S. Moriki, J. Endo, S. 
Kaneko, and M. Tsubokura. 1989. Cat-
contaminated environmental substances lead 
to Yersinia pseudotuberculosis infection in 
children. J. Clin. Microbiol. 27:2706–2709.  
 
 
 
 
69
150. Fukushima, H., M. Gomyoda, and S. 
Kaneko. 1990. Mice and moles inhabiting 
mountainous areas of Shimane Peninsula as 
sources of infection with Yersinia 
pseudotuberculosis. J. Clin. Microbiol. 
28:2448–2455.  
151. Fukushima, H., M. Gomyoda, S. 
Kaneko, M. Tsubokura, N. Takeda, T. 
Hongo, and F. N. Shubin. 1994. Restriction 
endonuclease analysis of virulence plasmids 
for molecular epidemiology of Yersinia 
pseudotuberculosis infections. J. Clin. 
Microbiol. 32:1410–1413.  
152. Fukushima, H., M. Gomyoda, K. 
Shiozawa, S. Kaneko, and M. Tsubokura. 
1988. Yersinia pseudotuberculosis infection 
contracted through water contaminated by a 
wild animal. J. Clin. Microbiol. 26:584–585.  
153. Fukushima, H., M. Gomyoda, M. 
Tsubokura, and S. Aleksi?. 1995. Isolation 
of Yersinia pseudotuberculosis from river 
waters in Japan and Germany using direct 
KOH and HeLa cell treatments. Zentralblatt 
Fur Bakteriologie. 282:40–49.  
154. Fukushima, H., Q. Hao, K. Wu, X. 
Hu, J. Chen, Z. Guo, H. Dai, C. Qin, S. 
Lu, and M. Gomyoda. 2001. Yersinia 
enterocolitica O9 as a possible barrier 
against Y. pestis in natural plague foci in 
Ningxia, China. Curr. Microbiol. 42:1–7.  
155. Fukushima, H., K. Hoshina, H. 
Itogawa, and M. Gomyoda. 1997. 
Introduction into Japan of pathogenic 
Yersinia through imported pork, beef and 
fowl. Int. J. Food Microbiol. 35:205–212.  
156. Fukushima, H., Y. Ito, K. Saito, M. 
Tsubokura, and K. Otsuki. 1979. Role of 
the fly in the transport of Yersinia 
enterocolitica. Appl. Environ. Microbiol. 
38:1009–1010.  
157. Fukushima, H., K. Maruyama, I. 
Omori, K. Ito, and M. Iorihara. 1989. Role 
of the contaminated skin of pigs in faecal 
Yersinia contamination of pig carcasses at 
slaughter. Fleischwirtschaft. 69:369–372.  
158. Fukushima, H., K. Maruyama, I. 
Omori, K. Ito, and M. Iorihara. 1990. 
Contamination of pigs with Yersinia at the 
slaughterhouse. Fleischwirtschaft. 70:1300–
1302.  
159. Fukushima, H., Y. Matsuda, R. Seki, 
M. Tsubokura, N. Takeda, F. N. Shubin, I. 
K. Paik, and X. B. Zheng. 2001. 
Geographical heterogeneity between Far 
Eastern and Western countries in prevalence 
of the virulence plasmid, the superantigen 
Yersinia pseudotuberculosis-derived 
mitogen, and the high-pathogenicity island 
among Yersinia pseudotuberculosis strains. 
J. Clin. Microbiol. 39:3541–3547.  
160. Fukushima, H., R. Nakamura, S. 
Iitsuka, Y. Ito, and K. Saito. 1985. 
Presence of zoonotic pathogens (Yersinia 
spp., Campylobacter jejuni, Salmonella spp., 
and Leptospira spp.) simultaneously in dogs 
and cats. Zentralbl. Bakteriol. Mikrobiol. 
Hyg. B. 181:430–440.  
161. Fukushima, H., R. Nakamura, S. 
Iitsuka, M. Tsubokura, K. Otsuki, and Y. 
Kawaoka. 1984. Prospective systematic 
study of Yersinia spp. in dogs. J. Clin. 
Microbiol. 19:616–622.  
162. Fukushima, H., R. Nakamura, Y. Ito, 
K. Saito, M. Tsubokura, and K. Otsuki. 
1983. Ecological studies of Yersinia 
enterocolitica. I. Dissemination of Y. 
enterocolitica in pigs. Vet. Microbiol. 
8:469–483.  
163. Fukushima, H., K. Saito, M. 
Tsubokura, and K. Otsuki. 1984. Yersinia 
spp. in surface water in Matsue, Japan. 
Zentralbl. Bakteriol. Mikrobiol. Hyg. B. 
179:236–247.  
164. Funk, J. A., H. F. Troutt, R. E. 
Isaacson, and C. P. Fossler. 1998. 
Prevalence of pathogenic Yersinia 
enterocolitica in groups of swine at 
slaughter. J. Food Prot. 61:677–682.  
165. Gemski, P., J. R. Lazere, T. Casey, 
and J. A. Wohlhieter. 1980. Presence of a 
 
 
 
 
70
virulence-associated plasmid in Yersinia 
pseudotuberculosis. Infect. Immun. 
28:1044–1047.  
166. Gierczynski, R., A. Golubov, H. 
Neubauer, J. N. Pham, and A. Rakin. 
2007. Development of multiple-locus 
variable-number tandem-repeat analysis for 
Yersinia enterocolitica subsp. palearctica 
and its application to bioserogroup 4/O3 
subtyping. J. Clin. Microbiol. 45:2508–2515.  
167. Gierczynski, R., J. Szych, W. 
Rastawicki, S. Wardak, and M. Jagielski. 
2009. Molecular characterization of human 
clinical isolates of Yersinia enterocolitica 
bioserotype 1B/O8 in Poland: emergence and 
dissemination of three highly related clones. 
J. Clin. Microbiol. 47:1225–1228.  
168. Glünder, G., K. H. Hinz, and A. 
Weber. 1986. [Occurrence of Yersinia in 
bird]. Dtsch. Tierarztl. Wochenschr. 93:27–
29.  
169. Gonzalez Hevia, M. A., J. A. Alvarez 
Riesgo, and M. C. Mendoza. 1990. 
Epidemiological, clinical and 
microbiological features of Yersinia 
enterocolitica infections in a community 
during a four-year period. Eur. J. Epidemiol. 
6:184–190.  
170. Grahek-Ogden, D., B. Schimmer, K. 
S. Cudjoe, K. Nygård, and G. Kapperud. 
2007. Outbreak of Yersinia enterocolitica 
serogroup O:9 infection and processed pork, 
Norway. Emerg. Infect. Dis. 13:754–756.  
171. Gulati, P., R. K. Varshney, and J. S. 
Virdi. 2009. Multilocus variable number 
tandem repeat analysis as a tool to discern 
genetic relationships among strains of 
Yersinia enterocolitica biovar 1A. J. Appl. 
Microbiol. 107:875–884.  
172. Gulati, P. S., and J. S. Virdi. 2007. 
The rrn locus and gyrB genotyping confirm 
the existence of two clonal groups in strains 
of Yersinia enterocolitica subspecies 
palearctica biovar 1A. Res. Microbiol. 
158:236–243.  
173. Gürtler, M., T. Alter, S. Kasimir, M. 
Linnebur, and K. Fehlhaber. 2005. 
Prevalence of Yersinia enterocolitica in 
fattening pigs. J. Food Prot. 68:850–854.  
174. Gutman, L. T., E. A. Ottesen, T. J. 
Quan, P. S. Noce, and S. L. Katz. 1973. An 
inter-familial outbreak of Yersinia 
enterocolitica enteritis. N. Engl. J. Med. 
288:1372–1377.  
175. Hamasaki, S., H. Hayashidani, K. 
Kaneko, M. Ogawa, and Y. Shigeta. 1989. 
A survey for Yersinia pseudotuberculosis in 
migratory birds in coastal Japan. J. Wildl. 
Dis. 25:401–403.  
176. Han, T. H., I. K. Paik, and S. J. Kim. 
2003. Molecular relatedness between isolates 
Yersinia pseudotuberculosis from a patient 
and an isolate from mountain spring water. J. 
Korean Med. Sci. 18:425–428.  
177. Hanna, M. O., G. C. Smith, L. C. 
Hall, C. Vanderzant, and A. B. J. Chiders. 
1980. Isolation of Yersinia enterocolitica 
from pig tonsils. J. Food Prot. 43:23–25.  
178. Hannu, T., L. Mattila, J. P. Nuorti, P. 
Ruutu, J. Mikkola, A. Siitonen, and M. 
Leirisalo-Repo. 2003. Reactive arthritis 
after an outbreak of Yersinia 
pseudotuberculosis serotype O:3 infection. 
Ann. Rheum. Dis. 62:866–869.  
179. Hariharan, H., J. S. Giles, S. B. 
Heaney, S. M. Leclerc, and R. D. 
Schurman. 1995. Isolation, serotypes, and 
virulence-associated properties of Yersinia 
enterocolitica from the tonsils of slaughter 
hogs. Can. J. Vet. Res. 59:161–166.  
180. Harmon, M. C., B. Swaminathan, and 
J. C. Forrest. 1984. Isolation of Yersinia 
enterocolitica and related species from 
porcine samples obtained from an abattoir. J. 
Appl. Bacteriol. 56:421–427.  
181. Harvey, S., J. R. Greenwood, M. J. 
Pickett, and R. A. Mah. 1976. Recovery of 
Yersinia enterocolitica from streams and 
 
 
 
 
71
lakes of California. Appl. Environ. 
Microbiol. 32:352–354.  
182. Hayashidani, H., N. Kanzaki, Y. 
Kaneko, A. T. Okatani, T. Taniguchi, K. 
Kaneko, and M. Ogawa. 2002. Occurrence 
of yersiniosis and listeriosis in wild boars in 
Japan. J. Wildl. Dis. 38:202–205.  
183. Hayashidani, H., Y. Ohtomo, Y. 
Toyokawa, M. Saito, K. Kaneko, J. 
Kosuge, M. Kato, M. Ogawa, and G. 
Kapperud. 1995. Potential sources of 
sporadic human infection with Yersinia 
enterocolitica serovar O:8 in Aomori 
Prefecture, Japan. J. Clin. Microbiol. 
33:1253–1257.  
184. Head, C. B., D. A. Whitty, and S. 
Ratnam. 1982. Comparative study of 
selective media for recovery of Yersinia 
enterocolitica. J. Clin. Microbiol. 16:615–
621.  
185. Henderson, T. G. 1984. The isolation 
of Yersinia sp. from feral and farmed deer 
faeces. N. Z. Vet. J. 32:88–90.  
186. Henderson, T. G., and P. 
Hemmingsen. 1983. Faecal survey of deer 
for Yersinia pseudotuberculosis and 
Salmonella sp. N. Z. Vet. J. 31:225–226.  
187. Highsmith, A. K., J. C. Feeley, P. 
Skaliy, J. G. Wells, and B. T. Wood. 1977. 
Isolation of Yersinia enterocolitica from well 
water and growth in distilled water. Appl. 
Environ. Microbiol. 34:745–750.  
188. Hodges, R. T., and M. G. Carman. 
1985. Recovery of Yersinia 
pseudotuberculosis from the faeces of 
healthy cattle. N. Z. Vet. J. 33:175–176.  
189. Hodges, R. T., M. G. Carman, and E. 
P. Woods. 1984. Yersinia 
pseudotuberculosis recovered from the 
faeces of clinically healthy deer. N. Z. Vet. J. 
32:79.  
190. Hoorfar, J., and C. B. Holmvig. 1999. 
Evaluation of culture methods for rapid 
screening of swine faecal samples for 
Yersinia enterocolitica O:3/biotype 4. 
Zentralbl. Veterinarmed. B. 46:189–198.  
191. Howard, S. L., M. W. Gaunt, J. 
Hinds, A. A. Witney, R. Stabler, and B. W. 
Wren. 2006. Application of comparative 
phylogenomics to study the evolution of 
Yersinia enterocolitica and to identify 
genetic differences relating to pathogenicity. 
J. Bacteriol. 188:3645–3653.  
192. Hudson, J. A., N. J. King, A. J. 
Cornelius, T. Bigwood, K. Thom, and S. 
Monson. 2008. Detection, isolation and 
enumeration of Yersinia enterocolitica from 
raw pork. International Journal of Food 
Microbiology. 123:25–31.  
193. Hunter, D., S. Hughes, and E. Fox. 
1983. Isolation of Yersinia enterocolitica 
from pigs in the United Kingdom. Vet. Rec. 
112:322–323.  
194. Ibrahim, A. 1995. Genetic diversity 
among Yersinia enterocolitica strains as 
revealed by sequence analysis of the 16S 
rRNA gene. Contrib. Microbiol. Immunol. 
13:277–280.  
195. Ibrahim, A., B. M. Goebel, W. 
Liesack, M. Griffiths, and E. 
Stackebrandt. 1993. The phylogeny of the 
genus Yersinia based on 16S rDNA 
sequences. FEMS Microbiol. Lett. 114:173–
177.  
196. Iinuma, Y., H. Hayashidani, K. 
Kaneko, M. Ogawa, and S. Hamasaki. 
1992. Isolation of Yersinia enterocolitica 
serovar O8 from free-living small rodents in 
Japan. J. Clin. Microbiol. 30:240–242.  
197. Inoue, M., H. Nakashima, T. Ishida, 
and M. Tsubokura. 1988. Three outbreaks 
of Yersinia pseudotuberculosis infection. 
Zentralbl. Bakteriol. Mikrobiol. Hyg. B. 
186:504–511.  
 
 
 
 
72
198. Inoue, M., H. Nakashima, T. Ishida, 
M. Tsubokura, and R. Sakazaki. 1988. 
Isolation of Yersinia pseudotuberculosis 
from water. Zentralbl. Bakteriol. Mikrobiol. 
Hyg. B. 186:338–343.  
199. Inoue, M., H. Nakashima, T. Mori, R. 
Sakazaki, K. Tamura, and M. Tsubokura. 
1991. Yersinia pseudotuberculosis infection 
in the mountain area. Contrib. Microbiol. 
Immunol. 12:307–310.  
200. Inoue, M., H. Nakashima, O. Ueba, T. 
Ishida, H. Date, S. Kobashi, K. Takagi, T. 
Nishu, and M. Tsubokura. 1984. 
Community outbreak of Yersinia 
pseudotuberculosis. Microbiol. Immunol. 
28:883–891.  
201. International Organization for 
Standardization. 2003. Microbiology of 
food and animal feeding stuffs -- Horizontal 
method for the detection of presumptive 
pathogenic Yersinia enterocolitica. ISO 
10273:1–31.  
202. Iriarte, M., J. C. Vanooteghem, I. 
Delor, R. Diaz, S. Knutton, and G. R. 
Cornelis. 1993. The Myf fibrillae of Yersinia 
enterocolitica. Mol. Microbiol. 9:507–520.  
203. Isberg, R. R., and P. Barnes. 2001. 
Subversion of integrins by enteropathogenic 
Yersinia. J. Cell. Sci. 114:21–28.  
204. Iteman, I., A. Guiyoule, and E. 
Carniel. 1996. Comparison of three 
molecular methods for typing and subtyping 
pathogenic Yersinia enterocolitica strains. J. 
Med. Microbiol. 45:48–56.  
205. Jacobsen, N. R., T. Bogdanovich, M. 
Skurnik, P. S. Lübeck, P. Ahrens, and J. 
Hoorfar. 2005. A real-time PCR assay for 
the specific identification of serotype O:9 of 
Yersinia enterocolitica. J. Microbiol. 
Methods. 63:151–156.  
206. Jalava, K., M. Hakkinen, M. 
Valkonen, U. M. Nakari, T. Palo, S. 
Hallanvuo, J. Ollgren, A. Siitonen, and J. 
P. Nuorti. 2006. An outbreak of 
gastrointestinal illness and erythema 
nodosum from grated carrots contaminated 
with Yersinia pseudotuberculosis. J. Infect. 
Dis. 194:1209–1216.  
207. Jalava, K., S. Hallanvuo, U. M. 
Nakari, P. Ruutu, E. Kela, T. Heinäsmäki, 
A. Siitonen, and J. P. Nuorti. 2004. 
Multiple outbreaks of Yersinia 
pseudotuberculosis infections in Finland. J. 
Clin. Microbiol. 42:2789–2791.  
208. Jennings, D. L., M. D. Miliotis, and 
H. J. Koornhof. 1987. Human Yersinia 
enterocolitica infection in the eastern Cape. 
A report on 18 cases and a review of 
yersiniosis in the RSA. S. Afr. Med. J. 
72:868–870.  
209. Jiang, G. C., D. H. Kang, and D. Y. 
Fung. 2000. Enrichment procedures and 
plating media for isolation of Yersinia 
enterocolitica. J. Food Prot. 63:1483–1486.  
210. Johannessen, G. S., G. Kapperud, 
and H. Kruse. 2000. Occurrence of 
pathogenic Yersinia enterocolitica in 
Norwegian pork products determined by a 
PCR method and a traditional culturing 
method. Int. J. Food Microbiol. 54:75–80.  
211. Jones, T. F. 2003. From pig to pacifier: 
chitterling-associated yersiniosis outbreak 
among black infants. Emerg. Infect. Dis. 
9:1007–1009.  
212. Judicial Commission of the 
International Committee on Systematic 
Bacteriology. 1985. Opinion 60: Rejection 
of the Name Yersinia pseudotuberculosis 
subsp. pestis (van Loghem) Bercovier et al. 
1981 and Conservation of the Name Yersinia 
pestis (Lehmann and Neumann) van Loghem 
1944 for the Plague Bacillus. Int. J. Syst. 
Bacteriol. 35:540.  
213. Jurikova, K., B. Gottwaldova, S. 
Jackova, and J. Subik. 1995. 
Characterization of Yersinia enterocolitica 
isolated from the oral cavity of swine in 
Slovakia. Int. J. Food Microbiol. 24:419–
424.  
 
 
 
 
73
214. Kageyama, T., A. Ogasawara, R. 
Fukuhara, Y. Narita, N. Miwa, Y. 
Kamanaka, M. Abe, K. Kumazaki, N. 
Maeda, J. Suzuki, S. Gotoh, K. 
Matsubayashi, C. Hashimoto, A. Kato, 
and N. Matsubayashi. 2002. Yersinia 
pseudotuberculosis infection in breeding 
monkeys: detection and analysis of strain 
diversity by PCR. J. Med. Primatol. 31:129–
135.  
215. Kaneko, K., S. Hamada, and E. Kato. 
1977. Occurrence of Yersinia enterocolitica 
in dogs. Nippon Juigaku Zasshi. 39:407–414.  
216. Kaneko, K., and N. Hashimoto. 1981. 
Occurrence of Yersinia enterocolitica in wild 
animals. Appl. Environ. Microbiol. 41:635–
638.  
217. Kaneko, K. I., S. Hamada, Y. Kasai, 
and N. Hashimoto. 1979. Smouldering 
epidemic of Yersinia pseudotuberculosis in 
barn rats. Appl. Environ. Microbiol. 37:1–3.  
218. Kaneko, K. I., S. Hamada, Y. Kasai, 
and E. Kato. 1978. Occurrence of Yersinia 
enterocolitica in house rats. Appl. Environ. 
Microbiol. 36:314–318.  
219. Kaneko, S., N. Ishizaki, and Y. 
Kokubo. 1995. Detection of pathogenic 
Yersinia enterocolitica and Yersinia 
pseudotuberculosis from pork using the 
polymerase chain reaction. Contrib. 
Microbiol. Immunol. 13:153–155.  
220. Kaneuchi, C., M. Shibata, T. 
Kawasaki, T. Kariu, M. Kanzaki, and T. 
Maruyama. 1989. Occurrence of Yersinia 
spp. in migratory birds, ducks, seagulls, and 
swallows in Japan. Nippon Juigaku Zasshi. 
51:805–808.  
221. Kaneuchi, C., K. Shishido, M. 
Shibuya, Y. Yamaguchi, and M. Ogata. 
1987. Prevalences of Campylobacter, 
Yersinia, and Salmonella in cats housed in an 
animal protection center. Nippon Juigaku 
Zasshi. 49:499–506.  
222. Kangas, S., J. Takkinen, M. 
Hakkinen, U. M. Nakari, T. Johansson, H. 
Henttonen, L. Virtaluoto, A. Siitonen, J. 
Ollgren, and M. Kuusi. 2008. Yersinia 
pseudotuberculosis O:1 traced to raw carrots, 
Finland. Emerg. Infect. Dis. 14:1959–1961.  
223. Kapperud, G. 1975. Yersinia 
enterocolitica in small rodents from Norway, 
Sweden and Finland. Acta Pathol. Microbiol. 
Scand. B. 83:335–342.  
224. Kapperud, G. 1977. Yersinia 
enterocolitica and Yersinia like microbes 
isolated from mammals and water in Norway 
and Denmark. Acta Pathol. Microbiol. 
Scand. B. 85:129–135.  
225. Kapperud, G., and T. Nesbakken. 
1987. Restriction endonuclease analysis of 
40- to 50-Mdalton plasmids from Yersinia 
enterocolitica strains of worldwide origin. 
Contrib. Microbiol. Immunol. 9:317–323.  
226. Kapperud, G., T. Nesbakken, S. 
Aleksi?, and H. H. Mollaret. 1990. 
Comparison of restriction endonuclease 
analysis and phenotypic typing methods for 
differentiation of Yersinia enterocolitica 
isolates. J. Clin. Microbiol. 28:1125–1131.  
227. Kapperud, G., and O. Rosef. 1983. 
Avian wildlife reservoir of Campylobacter 
fetus subsp. jejuni, Yersinia spp., and 
Salmonella spp. in Norway. Appl. Environ. 
Microbiol. 45:375–380.  
228. Karapinar, M., and S. A. Gönül. 
1991. Survival of Yersinia enterocolitica and 
Escherichia coli in spring water. Int. J. Food 
Microbiol. 13:315–319.  
229. Kardos, G., I. Turcsanyi, A. Bistyak, 
J. Nagy, and I. Kiss. 2007. DNA 
fingerprinting analysis of breakthrough 
outbreaks in vaccine-protected poultry stocks 
Clin. Vaccine Immunol. 14:1649–1651.  
230. Kato, Y., K. Ito, Y. Kubokura, T. 
Maruyama, K. Kaneko, and M. Ogawa. 
1985. Occurrence of Yersinia enterocolitica 
 
 
 
 
74
in wild-living birds and Japanese serows. 
Appl. Environ. Microbiol. 49:198–200.  
231. Kechagia, N., C. Nicolaou, V. 
Ioannidou, E. Kourti, A. Ioannidis, N. J. 
Legakis, and S. Chatzipanagiotou. 2007. 
Detection of chromosomal and plasmid--
encoded virulence determinants in Yersinia 
enterocolitica and other Yersinia spp. 
isolated from food animals in Greece. Int. J. 
Food Microbiol. 118:326–331.  
232. Kim, W., M. O. Song, W. Song, K. J. 
Kim, S. I. Chung, C. S. Choi, and Y. H. 
Park. 2003. Comparison of 16S rDNA 
analysis and rep-PCR genomic fingerprinting 
for molecular identification of Yersinia 
pseudotuberculosis. Antonie Van 
Leeuwenhoek. 83:125–133.  
233. Knapp, W., and E. Thal. 1973. 
Differentiation of Yersinia enterocolitica by 
biochemical reactions. Contrib. Microbiol. 
Immunol. 2:10–16.  
234. Kontiainen, S., A. Sivonen, and O. V. 
Renkonen. 1994. Increased yields of 
pathogenic Yersinia enterocolitica strains by 
cold enrichment. Scand. J. Infect. Dis. 
26:685–691.  
235. Korhonen, L. K., M. Niskanen, H. 
Heinonen-Tanski, P. J. Martikainen, L. 
Salonen, and I. Taipalinen. 1996. 
Groundwater quality in wells in central rural 
Finland: a microbiological and radiochemical 
survey. Ambio. 25:343–349.  
236. Korte, T., M. Fredriksson-Ahomaa, 
T. Niskanen, and H. Korkeala. 2004. Low 
prevalence of yadA-positive Yersinia 
enterocolitica in sows. Foodborne Pathog. 
Dis. 1:45–52.  
237. Kot, B., E. A. Trafny, and A. 
Jakubczak. 2007. Application of multiplex 
PCR for monitoring colonization of pig 
tonsils by Yersinia enterocolitica, including 
biotype 1A, and Yersinia pseudotuberculosis. 
J. Food Prot. 70:1110–1115.  
238. Kotetishvili, M., A. Kreger, G. 
Wauters, J. G. Morris Jr, A. Sulakvelidze, 
and O. C. Stine. 2005. Multilocus sequence 
typing for studying genetic relationships 
among Yersinia species. J. Clin. Microbiol. 
43:2674–2684.  
239. Kühni-Boghenbor, K., S. L. On, B. 
Kokotovic, A. Baumgartner, T. M. 
Wassenaar, M. Wittwer, B. Bissig-
Choisat, and J. Frey. 2006. Genotyping of 
human and porcine Yersinia enterocolitica, 
Yersinia intermedia, and Yersinia bercovieri 
strains from Switzerland by amplified 
fragment length polymorphism analysis. 
Appl. Environ. Microbiol. 72:4061–4066.  
240. Kwaga, J., J. O. Iversen, and J. R. 
Saunders. 1990. Comparison of two 
enrichment protocols for the detection of 
Yersinia in slaughtered pigs and pork 
products. J. Food Prot. 53:1047–1049.  
241. Laitinen, O., M. Leirisalo, and G. 
Skylv. 1977. Relation between HLA-B27 
and clinical features in patients with yersinia 
arthritis. Arthritis Rheum. 20:1121–1124.  
242. Lãnada, E. B., R. S. Morris, R. 
Jackson, and S. G. Fenwick. 2005. 
Prevalence of Yersinia species in goat flocks. 
Aust. Vet. J. 83:563–566.  
243. Lassen, J. 1972. Yersinia enterocolitica 
in drinking-water. Scand. J. Infect. Dis. 
4:125–127.  
244. Leal, T. C. A., N. C. LEal, and A. M. 
P. de Almeida. 1999. RAPD-PCR typing of 
Yersinia enterocolitica (Enterobacteriaceae) 
O:3 serotype strains isolated from pigs and 
humans. Gen. Mol. Biol. 22:315–319.  
245. Leclercq, A., L. Martin, M. L. 
Vergnes, N. Ounnoughene, J. F. Laran, P. 
Giraud, and E. Carniel. 2005. Fatal 
Yersinia enterocolitica biotype 4 serovar O:3 
sepsis after red blood cell transfusion. 
Transfusion. 45:814–818.  
246. Ledergerber, U., G. Regula, J. 
Danuser, B. Bissig-Choisat, T. Jemmi, and 
 
 
 
 
75
K. D. C. Sta?rk. 2003. Prevalence of latent 
zoonoses in pigs and pork from animal-
friendly farms (Prävalenz latenter 
Zoonoseerreger in tierfreundlicher 
Schweineproduktion). Arch. 
Lebensmittelhyg. 54:90–94.  
247. Lee, L. A., A. R. Gerber, D. R. 
Lonsway, J. D. Smith, G. P. Carter, N. D. 
Puhr, C. M. Parrish, R. K. Sikes, R. J. 
Finton, and R. V. Tauxe. 1990. Yersinia 
enterocolitica O:3 infections in infants and 
children, associated with the household 
preparation of chitterlings. N. Engl. J. Med. 
322:984–987.  
248. Leirisalo, M., G. Skylv, M. Kousa, L. 
M. Voipio-Pulkki, H. Suoranta, M. Nissila, 
L. Hvidman, E. D. Nielsen, A. Svejgaard, 
A. Tilikainen, and O. Laitinen. 1982. 
Followup study on patients with Reiter's 
disease and reactive arthritis, with special 
reference to HLA-B27. Arthritis Rheum. 
25:249–259.  
249. Letellier, A., S. Messier, and S. 
Quessy. 1999. Prevalence of Salmonella spp. 
and Yersinia enterocolitica in finishing 
swine at Canadian abattoirs. J. Food Prot. 
62:22–25.  
250. Lin, M., P. Roche, J. Spencer, A. 
Milton, P. Wright, D. Witteveen, R. 
Leader, A. Merianos, C. Bunn, H. 
Gidding, J. Kaldor, M. Kirk, R. Hall, and 
T. Della-Porta. 2002. Australia’s notifiable 
diseases status, 2000 – Annual report of the 
National Notifiable Diseases Surveillance 
System. CDI. 26:118–203.  
251. Lindholm, H., and R. Visakorpi. 
1991. Late complications after a Yersinia 
enterocolitica epidemic: a follow up study. 
Ann. Rheum. Dis. 50:694–696.  
252. Lings, S., F. Lander, and M. Lebech. 
1994. Antimicrobial antibodies in Danish 
slaughterhouse workers and greenhouse 
workers Int. Arch. Occup. Environ. Health. 
65:405–409.  
253. Ljungberg, P., M. Valtonen, V. P. 
Harjola, S. S. Kaukoranta-Tolvanen, and 
M. Vaara. 1995. Report of four cases of 
Yersinia pseudotuberculosis septicemia and a 
literature review. Eur. J. Clin. Microbiol. 
Infect. Dis. 14:804–810.  
254. Lobato, M. J., E. Landeras, M. A. 
Gonzalez-Hevia, and M. C. Mendoza. 
1998. Genetic heterogeneity of clinical 
strains of Yersinia enterocolitica traced by 
ribotyping and relationships between 
ribotypes, serotypes, and biotypes. J. Clin. 
Microbiol. 36:3297–3302.  
255. Long, C., T. F. Jones, D. J. Vugia, J. 
Scheftel, N. Strockbine, P. Ryan, B. 
Shiferaw, R. V. Tauxe, and L. H. Gould. 
2010. Yersinia pseudotuberculosis and Y. 
enterocolitica Infections, FoodNet, 1996–
2007. Emerg. Infect. Dis. 16:566–567.  
256. Lund, V. 1996. Evaluation of E. coli as 
an indicator for the presence of 
Campylobacter jejuni and Yersinia 
enterocolitica in chlorinated and untreated 
oligotrophic lake water. Water Res. 
30:1528–1534.  
257. Lunn, D. J., A. Thomas, N. Best, and 
D. Spiegelhalter. 2000. WinBUGS – a 
Bayesian modelling framework: concepts, 
structure, and extensibility. Stat. Comput. 
10:325–337.  
258. Lysý, J., and E. Ürgeová. 1995. 
Ecological study of Yersinia enterocolitica 
isolated from small terrestrial mammals 
captured on the territory of the barrage 
system Gab?íkovo. Biologia. 50:543–546.  
259. Mackintosh, C. G., and T. 
Henderson. 1984. Potential wildlife sources 
of Yersinia pseudotuberculosis for farmed 
deer (Cervus elaphus). N. Z. Vet. J. 32:208–
210.  
260. Mafu, A. A., R. Higgins, M. Nadeau, 
and G. Cousineau. 1989. The incidence of 
Salmonella, Campylobacter, and Yersinia 
enterocolitica in swine carcasses and the 
 
 
 
 
76
slaughterhouse environment. J. Food Prot. 
52:642–645.  
261. Mair, N. S., E. Fox, and E. Thal. 
1979. Biochemical, pathogenicity and 
toxicity studies of type III strains of Yersinia 
pseudotuberculosis isolated from the cecal 
contents of pigs. Contrib. Microbiol. 
Immunol. 5:359–365.  
262. Makino, S., Y. Okada, T. Maruyama, 
S. Kaneko, and C. Sasakawa. 1994. PCR-
based random amplified polymorphic DNA 
fingerprinting of Yersinia pseudotuberculosis 
and its practical applications. J. Clin. 
Microbiol. 32:65–69.  
263. Marinelli, G., C. D'Innocenzo, L. 
Fabiani, and V. Leoni. 1985. Application of 
a simplified method for recovery of Yersinia 
enterocolitica from surface waters. Appl. 
Environ. Microbiol. 49:1348–1349.  
264. Marjai, E., M. Kalman, I. Kajary, A. 
Belteky, and M. Rodler. 1987. Isolation 
from food and characterization by virulence 
tests of Yersinia enterocolitica associated 
with an outbreak. Acta. Microbiol. Hung. 
34:97–109.  
265. Martin, T., G. F. Kasian, and S. 
Stead. 1982. Family outbreak of yersiniosis. 
J. Clin. Microbiol. 16:622–626.  
266. Martins, C. H., T. M. Bauab, and D. 
P. Falcão. 1998. Characteristics of Yersinia 
pseudotuberculosis isolated from animals in 
Brazil. J. Appl. Microbiol. 85:703–707.  
267. Martins, C. H., T. M. Bauab, C. Q. 
Leite, and D. P. Falcão. 2007. Ribotyping 
and virulence markers of Yersinia 
pseudotuberculosis strains isolated from 
animals in Brazil. Mem. Inst. Oswaldo Cruz. 
102:587–592.  
268. Maruyama, T. 1987. Yersinia 
enterocolitica infection in humans and 
isolation of the microorganism from pigs in 
Japan. Contrib. Microbiol. Immunol. 9:48–
55.  
269. McNally, A., T. Cheasty, C. Fearnley, 
R. W. Dalziel, G. A. Paiba, G. Manning, 
and D. G. Newell. 2004. Comparison of the 
biotypes of Yersinia enterocolitica isolated 
from pigs, cattle and sheep at slaughter and 
from humans with yersiniosis in Great 
Britain during 1999–2000. Lett. Appl. 
Microbiol. 39:103–108.  
270. Mehlman, I. J., C. C. Aulisio, and A. 
C. Sanders. 1978. Microbiological methods. 
Problems in the recovery and identification 
of Yersinia from food. J. Assoc. Off. Anal. 
Chem. 61:761–771.  
271. Merilahti-Palo, R., R. Lahesmaa, K. 
Granfors, C. Gripenberg-Lerche, and P. 
Toivanen. 1991. Risk of Yersinia infection 
among butchers. Scand. J. Infect. Dis. 
23:55–61.  
272. Metchock, B., D. R. Lonsway, G. P. 
Carter, L. A. Lee, and J. E. McGowan Jr. 
1991. Yersinia enterocolitica: a frequent 
seasonal stool isolate from children at an 
urban hospital in the southeast United States. 
J. Clin. Microbiol. 29:2868–2869.  
273. Miller, V. L., K. B. Beer, G. Heusipp, 
B. M. Young, and M. R. Wachtel. 2001. 
Identification of regions of Ail required for 
the invasion and serum resistance 
phenotypes Mol. Microbiol. 41:1053–1062.  
274. Milnes, A. S., I. Stewart, F. A. 
Clifton-Hadley, R. H. Davies, D. G. 
Newell, A. R. Sayers, T. Cheasty, C. 
Cassar, A. Ridley, A. J. Cook, S. J. Evans, 
C. J. Teale, R. P. Smith, A. McNally, M. 
Toszeghy, R. Futter, A. Kay, and G. A. 
Paiba. 2007. Intestinal carriage of 
verocytotoxigenic Escherichia coli O157, 
Salmonella, thermophilic Campylobacter and 
Yersinia enterocolitica, in cattle, sheep and 
pigs at slaughter in Great Britain during 
2003. Epidemiol. Infect. 1–13.  
275. Moriki, S., A. Nobata, H. Shibata, A. 
Nagai, N. Minami, T. Taketani, and H. 
Fukushima. 2010. Familial outbreak of 
Yersinia enterocolitica serotype O9 biotype 
2. J. Infect. Chemother. 16:56–58.  
 
 
 
 
77
276. Morris, J. G.,Jr, V. Prado, C. 
Ferreccio, R. M. Robins-Browne, A. M. 
Bordun, M. Cayazzo, B. A. Kay, and M. 
M. Levine. 1991. Yersinia enterocolitica 
isolated from two cohorts of young children 
in Santiago, Chile: incidence of and lack of 
correlation between illness and proposed 
virulence factors. J. Clin. Microbiol. 
29:2784–2788.  
277. Morse, D. L., M. Shayegani, and R. J. 
Gallo. 1984. Epidemiologic investigation of 
a Yersinia camp outbreak linked to a food 
handler. Am. J. Public Health. 74:589–592.  
278. Nagano, T., K. Ichimura, N. Haji, K. 
Nagao, K. Someya, T. Kiyohara, K. 
Suzuki, M. Tsubokura, and K. Otsuki. 
1997. Characteristics and pathogenicity of 
non-melibiose-fermenting strains of Yersinia 
pseudotuberculosis O3. Microbiology & 
Immunology. 41:175–183.  
279. Nakajima, H., M. Inoue, T. Mori, K. 
Itoh, E. Arakawa, and H. Watanabe. 1992. 
Detection and identification of Yersinia 
pseudotuberculosis and pathogenic Yersinia 
enterocolitica by an improved polymerase 
chain reaction method. J. Clin. Microbiol. 
30:2484–2486.  
280. Nakano, T., H. Kawaguchi, K. Nakao, 
T. Maruyama, H. Kamiya, and M. 
Sakurai. 1989. Two outbreaks of Yersinia 
pseudotuberculosis 5a infection in Japan. 
Scand. J. Infect. Dis. 21:175–179.  
281. Narucka, U., and J. F. Westendorp. 
1977. Studies for the presence of Yersinia 
enterocolitica and Yersinia 
pseudotuberculosis in clinically normal pigs 
(author's transl). Tijdschr. Diergeneeskd. 
102:299–303.  
282. National Institute for Health and 
Welfare. 2009. Infectious diseases in 
Finland 2008. 10/2009:14–19. 
http://www.thl.fi/thl-client/pdfs/6223766d-
ea1a-4a85-af48-339920ea9bb6.  
283. National Public Health Institute. 
2005. Infectious Diseases in Finland 1995–
2004. B13/2005:21–22.  
284. National Public Health Institute. 
2008. Infectious diseases in Finland 2007. 
B9/2008:14–16.  
285. Nesbakken, T. 1985. Comparison of 
sampling and isolation procedures for 
recovery of Yersinia enterocolitica serotype 
O:3 from the oral cavity of slaughter pigs. 
Acta. Vet. Scand. 26:127–135.  
286. Nesbakken, T. 1988. Enumeration of 
Yersinia enterocolitica O:3 from the porcine 
oral cavity, and its occurrence on cut 
surfaces of pig carcasses and the 
environment in a slaughterhouse. Int. J. Food 
Microbiol. 6:287–293.  
287. Nesbakken, T., K. Eckner, H. K. 
Hoidal, and O. J. Røtterud. 2003. 
Occurrence of Yersinia enterocolitica and 
Campylobacter spp. in slaughter pigs and 
consequences for meat inspection, 
slaughtering, and dressing procedures. Int. J. 
Food Microbiol. 80:231–240.  
288. Nesbakken, T., B. Gondrosen, and G. 
Kapperud. 1985. Investigation of Yersinia 
enterocolitica, Yersinia enterocolitica-like 
bacteria, and thermotolerant campylobacters 
in Norwegian pork products. Int. J. Food 
Microbiol. 1:311–320.  
289. Nesbakken, T., T. Iversen, K. Eckner, 
and B. Lium. 2006. Testing of pathogenic 
Yersinia enterocolitica in pig herds based on 
the natural dynamic of infection. Int. J. Food 
Microbiol. 111:99–104.  
290. Nesbakken, T., T. Iversen, and B. 
Lium. 2007. Pig herds free from human 
pathogenic Yersinia enterocolitica. Emerg. 
Infect. Dis. 13:1860–1864.  
291. Nesbakken, T., and G. Kapperud. 
1985. Yersinia enterocolitica and Yersinia 
enterocolitica-like bacteria in Norwegian 
slaughter pigs. Int. J. Food Microbiol. 1:301–
309.  
 
 
 
 
78
292. Nesbakken, T., G. Kapperud, K. 
Dommarsnes, M. Skurnik, and E. Hornes. 
1991. Comparative study of a DNA 
hybridization method and two isolation 
procedures for detection of Yersinia 
enterocolitica O:3 in naturally contaminated 
pork products. Appl. Environ. Microbiol. 
57:389–394.  
293. Nesbakken, T., G. Kapperud, J. 
Lassen, and E. Skjerve. 1991. Yersinia 
enterocolitica O:3 antibodies in 
slaughterhouse employees, veterinarians, and 
military recruits. Occupational exposure to 
pigs as a risk factor for yersiniosis. Contrib. 
Microbiol. Immunol. 12:32–39.  
294. Nesbakken, T., G. Kapperud, H. 
Sorum, and K. Dommarsnes. 1987. 
Structural variability of 40-50 Mdal 
virulence plasmids from Yersinia 
enterocolitica. Geographical and ecological 
distribution of plasmid variants. Acta. Pathol. 
Microbiol. Immunol. Scand. B. 95:167–173.  
295. Nesbakken, T., E. Nerbrink, O. J. 
Røtterud, and E. Borch. 1994. Reduction of 
Yersinia enterocolitica and Listeria spp. on 
pig carcasses by enclosure of the rectum 
during slaughter. Int. J. Food Microbiol. 
23:197–208.  
296. Nesbakken, T., K. Eckner, and O. 
Røtterud. 2008. The effect of blast chilling 
on occurrence of human pathogenic Yersinia 
enterocolitica compared to Campylobacter 
spp. and numbers of hygienic indicators on 
pig carcasses. Int. J. Food Microbiol. 
123:130–133.  
297. Neubauer, H., S. Aleksi?, A. Hensel, 
E. Finke, and H. Meyer. 2000. Yersinia 
enterocolitica 16S rRNA gene types belong 
to the same genospecies but form three 
homology groups. Int. J. Med. Microbiol. 
290:61–64.  
298. Nielsen, B., C. Heisel, and A. 
Wingstrand. 1996. Time course of the 
serological response to Yersinia 
enterocolitica O:3 in experimentally infected 
pigs. Vet. Microbiol. 48:293–303.  
299. Nikolova, S., Y. Tzvetkov, H. 
Najdenski, and A. Vesselinova. 2001. 
Isolation of pathogenic Yersiniae from wild 
animals in Bulgaria. J. Vet. Med. B Infect. 
Dis. Vet. Public Health. 48:203–209.  
300. Nilehn, B. 1969. Studies on Yersinia 
enterocolitica with special reference to 
bacterial diagnosis and occurrence in human 
acute enteric disease. Acta. Pathol. 
Microbiol. Scand. Suppl. 206:Suppl 206:5–
48.  
301. Niskanen, T., M. Fredriksson-
Ahomaa, and H. Korkeala. 2002. Yersinia 
pseudotuberculosis with limited genetic 
diversity is a common finding in tonsils of 
fattening pigs. J. Food Prot. 65:540–545.  
302. Niskanen, T., J. Waldenström, M. 
Fredriksson-Ahomaa, B. Olsen, and H. 
Korkeala. 2003. virF-positive Yersinia 
pseudotuberculosis and Yersinia 
enterocolitica found in migratory birds in 
Sweden. Appl. Environ. Microbiol. 69:4670–
4675.  
303. Nordic Committee of Food Analysis. 
1996. Yersinia enterocolitica. Detection in 
foods. 117:1–12.  
304. Nowak, B., T. V. Mueffling, K. 
Caspari, and J. Hartung. 2006. Validation 
of a method for the detection of virulent 
Yersinia enterocolitica and their distribution 
in slaughter pigs from conventional and 
alternative housing systems. Vet. Microbiol. 
117:219–228.  
305. Nowgesic, E., M. Fyfe, J. Hockin, A. 
King, H. Ng, A. Paccagnella, A. Trinidad, 
L. Wilcott, R. Smith, A. Denney, L. 
Struck, G. Embree, K. Higo, J. I. Chan, P. 
Markey, S. Martin, and D. Bush. 1999. 
Outbreak of Yersinia pseudotuberculosis in 
British Columbia--November 1998. Can. 
Commun. Dis. Rep. 25:97–100.  
306. Nuorti, J. P., T. Niskanen, S. 
Hallanvuo, J. Mikkola, E. Kela, M. 
Hatakka, M. Fredriksson-Ahomaa, O. 
Lyytikäinen, A. Siitonen, H. Korkeala, 
 
 
 
 
79
and P. Ruutu. 2004. A widespread outbreak 
of Yersinia pseudotuberculosis O:3 infection 
from iceberg lettuce. J. Infect. Dis. 189:766–
774.  
307. Oberhofer, T. R., and J. K. Podgore. 
1980. Yersinia pseudotuberculosis: use of 
cold-temperature enrichment for isolation. J. 
Clin. Microbiol. 11:106–108.  
308. Odaert, M., P. Berche, and M. 
Simonet. 1996. Molecular typing of Yersinia 
pseudotuberculosis by using an IS200-like 
element. J. Clin. Microbiol. 34:2231–2235.  
309. Odinot, P. T., J. F. Meis, P. J. Van 
den Hurk, J. A. Hoogkamp-Korstanje, 
and W. J. Melchers. 1995. PCR-based 
characterization of Yersinia enterocolitica: 
comparison with biotyping and serotyping. 
Epidemiol. Infect. 115:269–277.  
310. Odinot, P. T., J. F. Meis, P. J. Van 
den Hurk, J. A. Hoogkamp-Korstanje, 
and W. J. Melchers. 1995. PCR-based DNA 
fingerprinting discriminates between 
different biotypes of Yersinia enterocolitica. 
Contrib. Microbiol. Immunol. 13:93–98.  
311. Okwori, A. E. J., P. Ortiz Martínez, 
M. Fredriksson-Ahomaa, S. E. Agina, and 
H. Korkeala. 2009. Pathogenic Yersinia 
enterocolitica 2/O:9 and Yersinia 
pseudotuberculosis 1/O:1 strains isolated 
from human and non-human sources in the 
Plateau State of Nigeria. Food Microbiol. 
26:872–875.  
312. Olsovsky, Z., V. Olsakova, S. Chobot, 
and V. Sviridov. 1975. Mass occurrence of 
Yersinia enterocolitica in two establishments 
of collective care of children. J. Hyg. 
Epidemiol. Microbiol. Immunol. 19:22–29.  
313. Ortiz Martínez, P., M. Fredriksson-
Ahomaa, A. Pallotti, R. Rosmini, K. Houf 
and H. Korkeala. 2010. Variation in the 
prevalence of enteropathogenic Yersinia in 
slaughter pigs from Belgium, Italy, and 
Spain. Foodborne Pathog. Dis. Ahead of 
print. 10.1089/fpd.2009.0461.  
314. Ortiz Martínez, P., M. Fredriksson-
Ahomaa, Y. Sokolova, M. Roasto, A. 
Berzins, and H. Korkeala. 2009. 
Prevalence of enteropathogenic Yersinia in 
Estonian, Latvian, and Russian (Leningrad 
region) pigs. Foodborne Pathog. Dis. 6:719–
724.  
315. Ortiz Martínez, P., S. Mylona, I. 
Drake, M. Fredriksson-Ahomaa, H. 
Korkeala and J. E. Corry. 2010. Wide 
variety of bioserotypes of enteropathogenic 
Yersinia in tonsils of English pigs at 
slaughter. Int. J. Food Microbiol. Ahead of 
print. 10.1016/j.ijfoodmicro.2010.02.006.  
316. Ostroff, S. M., G. Kapperud, L. C. 
Hutwagner, T. Nesbakken, N. H. Bean, J. 
Lassen, and R. V. Tauxe. 1994. Sources of 
sporadic Yersinia enterocolitica infections in 
Norway: a prospective case-control study. 
Epidemiol. Infect. 112:133–141.  
317. Otsuka, Y., Y. Okada, S. Makino, and 
T. Maruyama. 1994. Isolation of Yersinia 
pseudotuberculosis from city-living crows 
captured in a zoo. J. Vet. Med. Sci. 56:785–
786.  
318. Pai, C. H., S. Sorger, L. Lafleur, L. 
Lackman, and M. I. Marks. 1979. Efficacy 
of cold enrichment techniques for recovery 
of Yersinia enterocolitica from human stools. 
J. Clin. Microbiol. 9:712–715.  
319. Paterson, J. S., and R. Cook. 1963. A 
method for the recovery of Pasteurella 
pseudotuberculosis from faeces. J. Pathol. 
Bacteriol. 85:241–242.  
320. Pedersen, K. B., and S. Winblad. 
1979. Studies on Yersinia enterocolitica 
isolated from swine and dogs. Acta Pathol. 
Microbiol. Scand. B. 87B:137–140.  
321. Perdikogianni, C., E. Galanakis, M. 
Michalakis, E. Giannoussi, S. Maraki, Y. 
Tselentis, and G. Charissis. 2006. Yersinia 
enterocolitica infection mimicking surgical 
conditions. Pediatr. Surg. Int. 22:589–592.  
 
 
 
 
80
322. Perry, R. D., P. B. Balbo, H. A. Jones, 
J. D. Fetherston, and E. DeMoll. 1999. 
Yersiniabactin from Yersinia pestis: 
biochemical characterization of the 
siderophore and its role in iron transport and 
regulation. Microbiology. 145 ( Pt 5):1181–
1190.  
323. Pianetti, A., F. Bruscolini, W. 
Baffone, G. Brandi, L. Salvaggio, M. R. 
Biffi, and A. Albano. 1990. Yersinia 
enterocolitica and related species isolated in 
the Pesaro and Urbino area (Italy) from 1981 
to 1986. J. Appl. Bacteriol. 68:133–137.  
324. Pilon, J., R. Higgins, and S. Quessy. 
2000. Epidemiological study of Yersinia 
enterocolitica in swine herds in Quebec. 
Can. Vet. J. 41:383–387.  
325. Pirie, R., J. Williman, C. Nicol, and 
K. Sexton. 2008. Review of yersiniosis 
notifiations in New Zealand 2002–2006. 
FW07111:1–39.  
326. Pizsolitto, A. C., D. P. Falcão, M. T. 
Shimizu, S. H. Galvao, and W. Giraldini. 
1979. The first isolation of human Yersinia 
enterocolitica in Brazil: case report. Contrib. 
Microbiol. Immunol. 5:169–173.  
327. Pocock, M. J., J. B. Searle, W. B. 
Betts, and P. C. White. 2001. Patterns of 
infection by Salmonella and Yersinia spp. in 
commensal house mouse (Mus musculus 
domesticus) populations. J. Appl. Microbiol. 
90:755–760.  
328. Poljak, Z., C. E. Dewey, S. W. 
Martin, T. Rosendal, J. Christensen, B. 
Ciebin, and R. M. Friendship. 2010. 
Prevalence of Yersinia enterocolitica 
shedding and bioserotype distribution in 
Ontario finisher pig herds in 2001, 2002, and 
2004. Prev. Vet. Med. 93:110–120.  
329. Portnoy, D. A., and S. Falkow. 1981. 
Virulence-associated plasmids from Yersinia 
enterocolitica and Yersinia pestis . J. 
Bacteriol. 148:877–883.  
330. Press, N., M. Fyfe, W. Bowie, and M. 
Kelly. 2001. Clinical and microbiological 
follow-up of an outbreak of Yersinia 
pseudotuberculosis serotype Ib. Scand. J. 
Infect. Dis. 33:523–526.  
331. Rabson, A. R., and H. J. Koornhof. 
1973. Yersinia enterocolitica infections in 
South Africa. Contrib. Microbiol. Immunol. 
2:102–105.  
332. Rakin, A., P. Urbitsch, and J. 
Heesemann. 1995. Evidence for two 
evolutionary lineages of highly pathogenic 
Yersinia species. J. Bacteriol. 177:2292–
2298.  
333. Randall, K. J., and N. S. Mair. 1962. 
Family outbreak of Pasteurella 
pseudotuberculosis infection. Lancet. 
1:1042–1043.  
334. Ranta, J., K.-M. Siekkinen, L. Nuotio, 
R. Laukkanen, S. Hellström, H. Korkeala, 
and R. Maijala. 2010. Causal hidden 
variable model of pathogenic contamination 
from pig to pork. Stat. Model. 10:69–87.  
335. Rasmussen, H. N., O. F. Rasmussen, 
H. Christensen, and J. E. Olsen. 1995. 
Detection of Yersinia enterocolitica O:3 in 
faecal samples and tonsil swabs from pigs 
using IMS and PCR. J. Appl. Bacteriol. 
78:563–568.  
336. Revell, P. A., and V. L. Miller. 2001. 
Yersinia virulence: more than a plasmid. 
FEMS Microbiol. Lett. 205:159–164.  
337. Riley, G., and S. Toma. 1989. 
Detection of pathogenic Yersinia 
enterocolitica by using congo red-
magnesium oxalate agar medium. J. Clin. 
Microbiol. 27:213–214.  
338. Rimhanen-Finne, R., P. Makary, S. 
Pajunen, O. Lyytikäinen, M. Kuusi, L. 
Sihvonen, K. Haukka, A. Siitonen, and S. 
Hallanvuo. 2006. [Yersinia 
pseudotuberculosis as a cause of two carrot 
related outbreaks of infection this year]. 
 
 
 
 
81
Bulletin of National Public Health Institute 
of Finland. 15–16.  
339. Rimhanen-Finne, R., T. Niskanen, S. 
Hallanvuo, P. Makary, K. Haukka, S. 
Pajunen, A. Siitonen, R. Ristolainen, H. 
Poyry, J. Ollgren, and M. Kuusi. 2009. 
Yersinia pseudotuberculosis causing a large 
outbreak associated with carrots in Finland, 
2006. Epidemiol. Infect. 137:342–347.  
340. Rocourt, J., G. Moy, K. Vierk, and J. 
Schlundt. 2003. The present state of 
foodborne disease in OECD countries. 1–39.  
341. Saari, K. M., O. Laitinen, M. 
Leirisalo, and R. Saari. 1980. Ocular 
inflammation associated with Yersinia 
infection. Am. J. Ophthalmol. 89:84–95.  
342. Sachdeva, P., and J. S. Virdi. 2004. 
Repetitive elements sequence (REP/ERIC)-
PCR based genotyping of clinical and 
environmental strains of Yersinia 
enterocolitica biotype 1A reveal existence of 
limited number of clonal groups. FEMS 
Microbiol. Lett. 240:193–201.  
343. Sakai, T., A. Nakayama, M. Hashida, 
Y. Yamamoto, H. Takebe, and S. Imai. 
2005. Outbreak of food poisoning by 
Yersinia enterocolitica serotype O8 in Nara 
prefecture: the first case report in Japan. Jpn. 
J. Infect. Dis. 58:257–258.  
344. Saken, E., A. Roggenkamp, S. 
Aleksic, and J. Heesemann. 1994. 
Characterisation of pathogenic Yersinia 
enterocolitica serogroups by pulsed-field gel 
electrophoresis of genomic NotI restriction 
fragments. J. Med. Microbiol. 41:329–338.  
345. Sandery, M., T. Stinear, and C. 
Kaucner. 1996. Detection of pathogenic 
Yersinia enterocolitica in environmental 
waters by PCR. J. Appl. Bacteriol. 80:327–
332.  
346. Sato, K., K. Ouchi, and M. Taki. 
1983. Yersinia pseudotuberculosis infection 
in children, resembling Izumi fever and 
Kawasaki syndrome. Pediatr. Infect. Dis. 
2:123–126.  
347. Satterthwaite, P., K. Pritchard, D. 
Floyd, and B. Law. 1999. A case-control 
study of Yersinia enterocolitica infections in 
Auckland. Aust. N. Z. Publ. Health. 23:482–
485.  
348. Schaffter, N., and A. Parriaux. 2002. 
Pathogenic-bacterial water contamination in 
mountainous catchments Water Res. 36:131–
139.  
349. Schiemann, D. A. 1979. Enrichment 
methods for recovery of Yersinia 
enterocolitica from foods and raw milk. 
Contrib. Microbiol. Immunol. 5:212–227.  
350. Schiemann, D. A. 1979. Synthesis of a 
selective agar medium for Yersinia 
enterocolitica. Can. J. Microbiol. 25:1298–
1304.  
351. Schiemann, D. A. 1980. Isolation of 
toxigenic Yersinia enterocolitica from retail 
pork products. J. Food Prot. 43:360–365.  
352. Schiemann, D. A. 1982. Development 
of a two-step enrichment procedure for 
recovery of Yersinia enterocolitica from 
food. Appl. Environ. Microbiol. 43:14–27.  
353. Schiemann, D. A. 1983. Comparison of 
enrichment and plating media for recovery of 
virulent strains of Yersinia enterocolitica 
from inoculated beef stew. J. Food Prot. 
46:957–964.  
354. Schiemann, D. A., and C. A. Fleming. 
1981. Yersinia enterocolitica isolated from 
throats of swine in eastern and western 
Canada. Can. J. Microbiol. 27:1326–1333.  
355. Schiemann, D. A., and S. A. Olson. 
1984. Antagonism by gram-negative bacteria 
to growth of Yersinia enterocolitica in mixed 
cultures. Appl. Environ. Microbiol. 48:539–
544.  
 
 
 
 
82
356. Seguin, B., Y. Boucaud-Maitre, P. 
Quenin, and G. Lorgue. 1986. 
Epidemiologic evaluation of a sample of 91 
rats (Rattus norvegicus) captured in the 
sewers of Lyon. Zentralbl. Bakteriol. 
Mikrobiol. Hyg. A. 261:539–546.  
357. Serra, T., M. Gonzalez de Cardenas, 
J. Plovins, A. Ballesteros, A. Vindel, and J. 
A. Saez-Nieto. 2005. [Three cases of 
Yersinia pseudotuberculosis gastrointestinal 
infection having no apparent epidemiological 
relationship, caused by identical strain]. 
Enferm. Infecc. Microbiol. Clin. 23:19–21.  
358. Servan, J., J. Brault, J. M. Alonso, H. 
Bercovier, and H. H. Mollaret. 1979. 
Yersinia enterocolitica among small wild 
mammals in France. Comp. Immunol. 
Microbiol. Infect. Dis. 1:321–333.  
359. Seuri, M., and K. Granfors. 1992. 
Antibodies against Yersinia among farmers 
and slaughterhouse workers. Scand. J. Work 
Environ. Health. 18:128–132.  
360. Shayegani, M., I. DeForge, D. M. 
McGlynn, and T. Root. 1981. 
Characteristics of Yersinia enterocolitica and 
related species isolated from human, animal, 
and environmental sources. J. Clin. 
Microbiol. 14:304–312.  
361. Shayegani, M., P. S. Maupin, and A. 
Waring. 1995. Prevalence and molecular 
typing of two pathogenic serogroups of 
Yersinia enterocolitica in New York state. 
Contrib. Microbiol. Immunol. 13:33–38.  
362. Shayegani, M., D. Morse, I. DeForge, 
T. Root, L. M. Parsons, and P. S. Maupin. 
1983. Microbiology of a major foodborne 
outbreak of gastroenteritis caused by 
Yersinia enterocolitica serogroup O:8. J. 
Clin. Microbiol. 17:35–40.  
363. Shayegani, M., W. B. Stone, I. 
DeForge, T. Root, L. M. Parsons, and P. 
Maupin. 1986. Yersinia enterocolitica and 
related species isolated from wildlife in New 
York State. Appl. Environ. Microbiol. 
52:420–424.  
364. Shiozawa, K., M. Akiyama, K. 
Sahara, M. Hayashi, T. Nishina, M. 
Murakami, and Y. Asakawa. 1987. 
Pathogenicity of Yersinia enterocolitica 
biotype 3B and 4, serotype 0:3 isolates from 
pork samples and humans. Contrib. 
Microbiol. Immunol. 9:30–40.  
365. Shiozawa, K., T. Nishina, Y. Miwa, T. 
Mori, S. Akahane, and K. Ito. 1991. 
Colonization in the tonsils of swine by 
Yersinia enterocolitica. Contrib. Microbiol. 
Immunol. 12:63–67.  
366. Shmilovitz, M., and B. Kretzer. 1978. 
Isolates of Yersinia enterocolitica from 
clinical cases in Northern Israel. Isr. J. Med. 
Sci. 14:1048–1055.  
367. Siekkinen, K.-M., L. Nuotio, J. Ranta, 
R. Laukkanen, S. Hellström, H. Korkeala, 
and R. Maijala. 2006. Assessing hygiene 
proficiency on organic and conventional pig 
farms regarding pork safety: A pilot study in 
Finland. Livest. Sci. 104:193–202.  
368. Sihvonen, L. M., K. Haukka, M. 
Kuusi, M. J. Virtanen, A. Siitonen, and 
YE study group. 2009. Yersinia 
enterocolitica and Y. enterocolitica-like 
species in clinical stool specimens of 
humans: identification and prevalence of 
bio/serotypes in Finland. Eur. J. Clin. 
Microbiol. Infect. Dis. 28:757–765.  
369. Skjerve, E., B. Lium, B. Nielsen, and 
T. Nesbakken. 1998. Control of Yersinia 
enterocolitica in pigs at herd level. Int. J. 
Food Microbiol. 45:195–203.  
370. Skurnik, M., and J. A. Bengoechea. 
2003. The biosynthesis and biological role of 
lipopolysaccharide O-antigens of pathogenic 
Yersiniae . Carbohydr. Res. 338:2521–2529.  
371. Skurnik, M., A. Peippo, and E. 
Ervela. 2000. Characterization of the O-
antigen gene clusters of Yersinia 
pseudotuberculosis and the cryptic O-antigen 
gene cluster of Yersinia pestis shows that the 
plague bacillus is most closely related to and 
 
 
 
 
83
has evolved from Y. pseudotuberculosis 
serotype O:1b. Mol. Microbiol. 37:316–330.  
372. Smego, R. A., J. Frean, and H. J. 
Koornhof. 1999. Yersiniosis I: 
microbiological and clinicoepidemiological 
aspects of plague and non-plague Yersinia 
infections. Eur. J. Clin. Microbiol. Infect. 
Dis. 18:1–15.  
373. Smirnov, G. B., F. N. Shubin, A. L. 
Ginzburg, G. Shovadaeva, I. A. 
Shaginyan, T. S. Ilyna, A. P. Markov, M. 
S. Pokrovskaya, I. S. Sever, and N. S. 
Barteneva. 1991. Molecular biology of 
Yersinia pseudotuberculosis large plasmid 
pVM82. Contrib. Microbiol. Immunol. 
12:210–212.  
374. Smirnova, Y. Y., A. B. Tebekin, G. Y. 
Tseneva, N. A. Rybakova, and D. A. 
Rybakov. 2004. Epidemiological features of 
Yersinia infection in the territory with 
developed agricultural production. EpiNorth. 
5:38–41.  
375. Stenstad, T., D. Grahek-Ogden, M. 
Nilsen, D. Skaare, T. A. Martinsen, J. 
Lassen, and A. L. Bruu. 2007. An outbreak 
of Yersinia enterocolitica O:9-infection. 
Tidsskr. nor. Laegeforen. 127:586–589.  
376. Sunahara, C., Y. Yamanaka, and S. 
Yamanishi. 2000. Sporadic cases of Yersinia 
pseudotuberculosis serotype 5 infection in 
Shodo Island, Kagawa Prefecture. Jpn. J. 
Infect. Dis. 53:74–75.  
377. Suzuki, A., H. Hayashidani, K. 
Kaneko, and M. Ogawa. 1995. Isolation of 
Yersinia from wild animals living in suburbs 
of Tokyo and Yokohama. Contrib. 
Microbiol. Immunol. 13:43–45.  
378. Tacket, C. O., J. Ballard, N. Harris, J. 
Allard, C. Nolan, T. Quan, and M. L. 
Cohen. 1985. An outbreak of Yersinia 
enterocolitica infections caused by 
contaminated tofu (soybean curd). Am. J. 
Epidemiol. 121:705–711.  
379. Tacket, C. O., J. P. Narain, R. Sattin, 
J. P. Lofgren, C. Konigsberg Jr, R. C. 
Rendtorff, A. Rausa, B. R. Davis, and M. 
L. Cohen. 1984. A multistate outbreak of 
infections caused by Yersinia enterocolitica 
transmitted by pasteurized milk. JAMA. 
251:483–486.  
380. B. Tafjord Heier, K. Nygård and J. 
Lassen. 2007. Yersiniose i Norge 2006. 
www.fhi.no/artikler/?id=65105. July 13th, 
2009.  
381. Tashiro, K., Y. Kubokura, Y. Kato, 
K. Kaneko, and M. Ogawa. 1991. Survival 
of Yersinia enterocolitica in soil and water. 
J. Vet. Med. Sci. 53:23–27.  
382. Tauxe, R. V., J. Vandepitte, G. 
Wauters, S. M. Martin, V. Goossens, P. De 
Mol, R. Van Noyen, and G. Thiers. 1987. 
Yersinia enterocolitica infections and pork: 
the missing link. Lancet. 1:1129–1132.  
383. Tennant, S. M., T. H. Grant, and R. 
M. Robins-Browne. 2003. Pathogenicity of 
Yersinia enterocolitica biotype 1A. FEMS 
Immunol. Med. Microbiol. 38:127–137.  
384. Tertti, R., K. Granfors, O. P. 
Lehtonen, J. Mertsola, A. L. Mäkelä, I. 
Välimäki, P. Hänninen, and A. Toivanen. 
1984. An outbreak of Yersinia 
pseudotuberculosis infection. J. Infect. Dis. 
149:245–250.  
385. Tertti, R., R. Vuento, P. Mikkola, K. 
Granfors, A. L. Mäkelä, and A. Toivanen. 
1989. Clinical manifestations of Yersinia 
pseudotuberculosis infection in children. 
Eur. J. Clin. Microbiol. Infect. Dis. 8:587–
591.  
386. Terzieva, S. I., and G. A. McFeters. 
1991. Survival and injury of Escherichia 
coli, Campylobacter jejuni, and Yersinia 
enterocolitica in stream water. Can. J. 
Microbiol. 37:785–790.  
387. Thibodeau, V., E. H. Frost, S. 
Chenier, and S. Quessy. 1999. Presence of 
Yersinia enterocolitica in tissues of orally-
 
 
 
 
84
inoculated pigs and the tonsils and feces of 
pigs at slaughter. Can. J. Vet. Res. 63:96–
100.  
388. Thisted Lambertz, S. 2007. Riskprofil 
– Yersinia enterocolitica. Livsmedelsverkets 
Rapport8:1–39.  
389. Thisted Lambertz, S., K. Granath, M. 
Fredriksson-Ahomaa, K. E. Johansson, 
and M. L. Danielsson-Tham. 2007. 
Evaluation of a combined culture and PCR 
method (NMKL-163A) for detection of 
presumptive pathogenic Yersinia 
enterocolitica in pork products. J. Food Prot. 
70:335–340.  
390. Thisted Lambertz, S., and M. L. 
Danielsson-Tham. 2005. Identification and 
characterization of pathogenic Yersinia 
enterocolitica isolates by PCR and pulsed-
field gel electrophoresis. Appl. Environ. 
Microbiol. 71:3674–3681.  
391. Thompson, J. S., and M. J. Gravel. 
1986. Family outbreak of gastroenteritis due 
to Yersinia enterocolitica serotype 0:3 from 
well water. Can. J. Microbiol. 32:700–701.  
392. Toivanen, P., A. Toivanen, L. 
Olkkonen, and S. Aantaa. 1973. Hospital 
outbreak of Yersinia enterocolitica infection. 
Lancet. 1:801–803.  
393. Toma, S., and V. R. Deidrick. 1975. 
Isolation of Yersinia enterocolitica from 
swine. J. Clin. Microbiol. 2:478–481.  
394. Toma, S., and V. R. Deidrick. 1976. 
Letter: Incidence of Yersinia enterocolitica 
and Y. pseudotuberculosis infections in 
Canada; 1975 semiannual report. Can. Med. 
Assoc. J. 114:16, 21.  
395. Toma, S., and L. Lafleur. 1974. 
Survey on the incidence of Yersinia 
enterocolitica infection in Canada. Appl 
Microbiol. 28:469–473.  
396. Toma, S., G. Wauters, H. M. 
McClure, G. K. Morris, and A. S. 
Weissfeld. 1984. O:13a,13b, a new 
pathogenic serotype of Yersinia 
enterocolitica. J. Clin. Microbiol. 20:843–
845.  
397. Trebesius, K., D. Harmsen, A. Rakin, 
J. Schmelz, and J. Heesemann. 1998. 
Development of rRNA-targeted PCR and in 
situ hybridization with fluorescently labelled 
oligonucleotides for detection of Yersinia 
species. J. Clin. Microbiol. 36:2557–2564.  
398. Tsubokura, M., and S. Aleksi?. 1995. 
A simplified antigenic scheme for serotyping 
of Yersinia pseudotuberculosis: phenotypic 
characterization of reference strains and 
preparation of O and H factor sera. Contrib. 
Microbiol. Immunol. 13:99–105.  
399. Tsubokura, M., T. Fukuda, K. 
Otsuki, M. Kubota, and K. Itagaki. 1975. 
Isolation of Yersinia enterocolitica from 
some animals and meats. Nippon Juigaku 
Zasshi. 37:213–215.  
400. Tsubokura, M., T. Fukuda, K. 
Otsuki, M. Kubota, and K. Itagaki. 1976. 
Studies on Yersinia enterocolitica. II. 
Relationship between detection from swine 
and seasonal incidence, and regional 
distribution of the organism. Nippon Juigaku 
Zasshi. 38:1–6.  
401. Tsubokura, M., K. Otsuki, T. 
Fukuda, M. Kubota, and M. Imamura. 
1976. Studies on Yersinia 
pseudotuberculosis. IV. Isolation of Y. 
pseudotuberculosis from healthy swine. 
Nippon Juigaku Zasshi. 38:549–552.  
402. Tsubokura, M., K. Otsuki, and K. 
Itagaki. 1973. Studies on Yersinia 
enterocolitica. I. Isolation of Y. 
enterocolitica from swine. Nippon Juigaku 
Zasshi. 35:419–424.  
403. Tsubokura, M., K. Otsuki, Y. 
Kawaoka, and T. Maruyama. 1984. 
Characterization and pathogenicity of 
Yersinia pseudotuberculosis isolated from 
swine and other animals. J. Clin. Microbiol. 
19:754–756.  
 
 
 
 
85
404. Tsubokura, M., K. Otsuki, K. Sato, 
M. Tanaka, T. Hongo, H. Fukushima, T. 
Maruyama, and M. Inoue. 1989. Special 
features of distribution of Yersinia 
pseudotuberculosis in Japan. J. Clin. 
Microbiol. 27:790–791.  
405. Tuori, M. R., and V. Valtonen. 1983. 
[Yersinia enterocolitica outpatient epidemic]. 
Duodecim. 99:706–711.  
406. Uchiyama, T., T. Miyoshi-Akiyama, 
H. Kato, W. Fujimaki, K. Imanishi, and X. 
J. Yan. 1993. Superantigenic properties of a 
novel mitogenic substance produced by 
Yersinia pseudotuberculosis isolated from 
patients manifesting acute and systemic 
symptoms. J. Immunol. 151:4407–4413.  
407. Van Damme, I., I. Habib, and L. De 
Zutter. 2010. Yersinia enterocolitica in 
slaughter pig tonsils: enumeration and 
detection by enrichment versus direct plating 
culture. Food Microbiol. 27:158–161.  
408. Van Noyen, R., J. Vandepitte, and G. 
Wauters. 1980. Nonvalue of cold 
enrichment of stools for isolation of Yersinia 
enterocolitica serotypes 3 and 9 from 
patients. J. Clin. Microbiol. 11:127–131.  
409. Van Ossel, C., and G. Wauters. 1990. 
Asymptomatic Yersinia enterocolitica 
infections during an outbreak in a day-
nursery. Eur. J. Clin. Microbiol. Infect. Dis. 
9:148.  
410. van Pee, W., and J. Stragier. 1979. 
Evaluation of some cold enrichment and 
isolation media for the recovery of Yersinia 
enterocolitica. Antonie Van Leeuwenhoek. 
45:465–477.  
411. Vidon, D. J., and C. L. Delmas. 1981. 
Incidence of Yersinia enterocolitica in raw 
milk in eastern France. Appl. Environ. 
Microbiol. 41:355–359.  
412. Vincent, P., E. Salo, M. Skurnik, H. 
Fukushima, and M. Simonet. 2007. 
Similarities of Kawasaki disease and 
Yersinia pseudotuberculosis infection 
epidemiology. Pediatr. Infect. Dis. J. 
26:629–631.  
413. Virdi, J. S., and P. Sachdeva. 2005. 
Molecular heterogeneity in Yersinia 
enterocolitica and 'Y. enterocolitica-like' 
species--Implications for epidemiology, 
typing and taxonomy. FEMS Immunol. Med. 
Microbiol. 45:1–10.  
414. Vishnubhatla, A., R. D. Oberst, D. Y. 
Fung, W. Wonglumsom, M. P. Hays, and 
T. G. Nagaraja. 2001. Evaluation of a 5'-
nuclease (TaqMan) assay for the detection of 
virulent strains of Yersinia enterocolitica in 
raw meat and tofu samples. J. Food Prot. 
64:355–360.  
415. von Altrock, A., A. L. Louis, U. 
Rosler, T. Alter, M. Beyerbach, L. 
Kreienbrocks, and K. H. Waldmann. 
2006. The bacteriological and serological 
prevalence of Campylobacter spp. and 
Yersinia enterocolitica in fattening pig herds 
in Lower Saxony. Berl. Munch. Tierarztl. 
Wochenschr. 119:391–399.  
416. Voskressenskaya, E., A. Leclercq, G. 
Tseneva, and E. Carniel. 2005. Evaluation 
of ribotyping as a tool for molecular typing 
of Yersinia pseudotuberculosis strains of 
worldwide origin. J. Clin. Microbiol. 
43:6155–6160.  
417. Wang, X., Z. Cui, D. Jin, L. Tang, S. 
Xia, H. Wang, Y. Xiao, H. Qiu, Q. Hao, B. 
Kan, J. Xu, and H. Jing. 2009. Distribution 
of pathogenic Yersinia enterocolitica in 
China. Eur. J. Clin. Microbiol. Infect. Dis. 
28:1237–1244.  
418. Wang, X., Z. Cui, H. Wang, L. Tang, 
J. Yang, L. Gu, D. Jin, L. Luo, H. Qiu, Y. 
Xiao, H. Xiong, B. Kan, J. Xu and H. Jing. 
2010. Canis familiaris of farmers shares the 
same subtype pathogenic Yersinia 
enterocolitica with humans and may be a 
potential source of human infection in 
Jiangsu Province, China. J. Clin. Microbiol. 
Ahead of print. 10.1128/JCM.01789-09.  
 
 
 
 
86
419. Wauters, G. 1973. Improved methods 
for the isolation and the recognition of 
Yersinia enterocolitica. Contrib. Microbiol. 
Immunol. 2:68–70.  
420. Wauters, G., S. Aleksic, J. Charlier, 
and G. Schulze. 1991. Somatic and flagellar 
antigens of Yersinia enterocolitica and 
related species. Contrib. Microbiol. 
Immunol. 12:239–243.  
421. Wauters, G., V. Goossens, M. 
Janssens, and J. Vandepitte. 1988. New 
enrichment method for isolation of 
pathogenic Yersinia enterocolitica serogroup 
O:3 from pork. Appl. Environ. Microbiol. 
54:851–854.  
422. Wauters, G., M. Janssens, G. 
Steigerwalt, and D. J. Brenner. 1988. 
Yersinia mollaretii sp. nov. and Yersinia 
bercovieri sp. nov., formerly called Yersinia 
enterocolitica biogroups 3A and 3B. Int. J. 
Syst. Bacteriol. 38:424–429.  
423. Wauters, G., K. Kandolo, and M. 
Janssens. 1987. Revised biogrouping 
scheme of Yersinia enterocolitica. Contrib. 
Microbiol. Immunol. 9:14–21.  
424. Wayne, L. G. 1986. Actions of the 
Judicial Commission of the International 
Committee on Systematic Bacteriology on 
Requests for Opinions Published in 1983 and 
1984. Int. J. Syst. Bacteriol. 36:357–358.  
425. Weagant, S. D. 2008. A new 
chromogenic agar medium for detection of 
potentially virulent Yersinia enterocolitica. J. 
Microbiol. Methods. 72:185–190.  
426. S. D. Weagant, P. Feng and J. T. 
Stanfield. 2007. Bacteriological Analytical 
Manual, Chapter 8. Yersinia enterocolitica 
and Yersinia pseudotuberculosis. 
http://www.fda.gov/Food/ScienceResearch/L
aboratoryMethods/BacteriologicalAnalytical
ManualBAM/default.htm. October 22nd, 
2009.  
427. Weagant, S. D., and C. A. Kaysner. 
1983. Modified enrichment broth for 
isolation of Yersinia enterocolitica from 
nonfood sources. Appl. Environ. Microbiol. 
45:468–471.  
428. Weber, A., and W. Knapp. 1981. 
Demonstration of Yersinia enterocolitica and 
Yersinia pseudotuberculosis in fecal samples 
of healthy slaughter swine depending on the 
season. Zentralbl. Veterinarmed. B. 28:407–
413.  
429. Weber, A., and W. Knapp. 1981. 
Seasonal isolation of Yersinia enterocolitica 
and Yersinia pseudotuberculosis from tonsils 
of healthy slaughter pigs (author's transl). 
Zentralbl. Bakteriol. Mikrobiol. Hyg. A. 
250:78–83.  
430. Weber, A., and C. Lembke. 1981. 
Comparison of two enrichment methods and 
five selective media for the isolation of 
Yersinia enterocolitica from tonsils of 
slaughter pigs (author's transl). Zentralbl. 
Bakteriol. Mikrobiol. Hyg. A. 250:72–77.  
431. Weber, A., and C. Lembke. 1981. 
Occurrence of human pathogenic Yersinia 
enterocolitica and Yersinia 
pseudotuberculosis in slaughter animals. 
Berl. Munch. Tierarztl. Wochenschr. 94:5–8.  
432. Weber, A., and C. Lembke. 1981. 
Occurrence of human pathogenic Yersinia 
enterocolitica in cats. Berl. Munch. Tierarztl. 
Wochenschr. 94:325–327.  
433. Weber, A., C. Lembke, and R. 
Schäfer. 1983. Comparative use of two 
commercially available selective culture 
media for isolation of Yersinia enterocolitica 
from tonsils of slaughter swine. Zentralbl. 
Veterinarmed. B. 30:532–536.  
434. Wehebrink, T., N. Kemper, E. Grosse 
Beilage, and J. Krieter. 2008. Prevalence of 
Campylobacter spp. and Yersinia spp. in the 
pig production. Berl. Munch. Tierarztl. 
Wochenschr. 121:27–32.  
435. Wesley, I. V., S. Bhaduri, and E. 
Bush. 2008. Prevalence of Yersinia 
 
 
 
 
87
enterocolitica in market weight hogs in the 
United States. J. Food Prot. 71:1162–1168.  
436. Weynants, V., V. Jadot, P. A. Denoel, 
A. Tibor, and J. J. Letesson. 1996. 
Detection of Yersinia enterocolitica 
serogroup O:3 by a PCR method. J. Clin. 
Microbiol. 34:1224–1227.  
437. Williams, J. E. 1984. Proposal to 
Reject the New Combination Yersinia 
pseudotuberculosis subsp. pestis for 
Violation of the First Principle of the 
International Code of Nomenclature of 
Bacteria: Request for an Opinion. Int. J. Syst. 
Bacteriol. 34:268–269.  
438. Wojciech, L., Z. Staroniewicz, A. 
Jakubczak, and M. Ugorski. 2004. Typing 
of Yersinia enterocolitica isolates by ITS 
profiling, REP- and ERIC-PCR. J. Vet. Med. 
B Infect. Dis. Vet. Public Health. 51:238–
244.  
439. Wuthe, H. H., S. Aleksi?, and S. 
Kwapil. 1995. Yersinia in the European 
brown hare of northern Germany. Contrib. 
Microbiol. Immunol. 13:51–54.  
440. Yang, Y., J. J. Merriam, J. P. 
Mueller, and R. R. Isberg. 1996. The psa 
locus is responsible for thermoinducible 
binding of Yersinia pseudotuberculosis to 
cultured cells. Infect. Immun. 64:2483–2489.  
441. Yoshino, K., T. Ramamurthy, G. B. 
Nair, H. Fukushima, Y. Ohtomo, N. 
Takeda, S. Kaneko, and T. Takeda. 1995. 
Geographical heterogeneity between Far East 
and Europe in prevalence of ypm gene 
encoding the novel superantigen among 
Yersinia pseudotuberculosis strains. J. Clin. 
Microbiol. 33:3356–3358.  
442. Zen-Yoji, H., and T. Maruyama. 
1972. The first successful isolations and 
identification of Yersinia enterocolitica from 
human cases in Japan. Jpn. J. Microbiol. 
16:493–500.  
443. Zen-Yoji, H., T. Maruyama, S. Sakai, 
S. Kimura, and T. Mizuno. 1973. An 
outbreak of enteritis due to Yersinia 
enterocolitica occurring at a junior high 
school. Jpn. J. Microbiol. 17:220–222.  
444. Zen-Yoji, H., S. Sakai, T. Maruyama, 
and Y. Yanagawa. 1974. Isolation of 
Yersinia enterocolitica and Yersinia 
pseudotuberculosis from swine, cattle and 
rats at an abattoir. Jpn. J. Microbiol. 18:103–
105.  
445. Zheng, D. M., M. Bonde, and J. T. 
Sørensen. 2007. Associations between the 
proportion of Salmonella seropositive 
slaughter pigs and the presence of herd level 
risk factors for introduction and transmission 
of Salmonella in 34 Danish organic, outdoor 
(non-organic) and indoor finishing-pig 
farms. Livestock Science. 106:189–199.  
446. Zheng, H., Y. Sun, S. Lin, Z. Mao, 
and B. Jiang. 2008. Yersinia enterocolitica 
infection in diarrheal patients. Eur. J. Clin. 
Microbiol. Infect. Dis. 27:741–752.  
447. Zheng, X. B., M. Tsubokura, Y. 
Wang, C. Xie, T. Nagano, K. Someya, T. 
Kiyohara, K. Suzuki, and T. Sanekata. 
1995. Yersinia pseudotuberculosis in China. 
Microbiol. Immunol. 39:821–824.  
448. Zheng, X. B., and C. Xie. 1996. Note: 
isolation, characterization and epidemiology 
of Yersinia enterocolitica from humans and 
animals. J. Appl. Bacteriol. 81:681–684.  
 
